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Abstract 
Changes in physiological parameters, nitrogen metabolism and excretion in 
response to chronic and abrupt salinity alterations were studied in the silver seabream 
Spams sarba. 
Spams sarba were acclimated to 5 different salinity regimes (0%o, 6%o, 12%o, 
33%o�50%o) for 4 weeks and physiological changes and urea production were 
determined. Only minor modifications on muscle moisture, serum [Na+] and [CI"] 
were found in seabream adapted throughout the range of salinities 50%o to 6%o. But 
significant muscle hydration, hyponatrimia and hypochloremia were observed in 
0%0-acclimated seabream. Highest hepatosomatic index and muscle lipid content were 
found in seabream adapted to isosmotic media. Serum glucose concentrations were 
not affected by salinity changes whereas serum protein concentrations were 
significantly elevated as the ambient salinity diminished. A reciprocal relationship 
was found between serum [NH3] and serum [urea] where the former exhibited an 
increasing trend from high to low salinity but the latter showed a reciprocal trend. 
Hematological responses did not significantly differ in Sparus sarba in response to 
various ambient salinities, but some visible trends can still be seen. In S. sarba, both 
hematocrit values and red blood cells tended to increase after acclimation to lower 
salinities (6%o and 12%�). . 
Low levels of activity of all ornithine urea-cycle (OUC) enzymes in the liver 
indicates the existence of a functional but rather inactive OUC in S. sarba. Enzyme 
i 
activities of another urea synthetic pathway, uricolysis appear to be present in the liver 
of the seabream. Higher levels of arginase and uricase activity reflected that the 
seabream may synthesize urea primarily via argininolysis and uricolysis. Besides, 
highest levels of arginase and uricase activities were found in 50%o-acclimated 
seabream but the levels of OUC enzymes are not influenced by the ambient salinity. 
Effect of acute (24h) and chronic (4 weeks) exposure to 6%o on nitrogen 
excretion rate of S. sarba was studied. Urea constitutes 12 % and 17% of total 
nitrogen loss (NH3 + urea) in 6%o and 33%o-adapted seabream respectively. Acute 
hyposmotic exposure (24h) results in elevations in both net urea (，【瞧）and ammonia 
excretion rates but there were no significant difference between the nitrogen 
excretion rates of seabream adapted to 6%o and 33%o for 4 weeks (chronic). 
The effect of the administration of amiloride, NH3 and urea were investigated in 
S. sarba adapted to 6%o and 33%o for 4 weeks. In the presence of the Na^-channel 
blocker, amiloride in the ambient water, 63% and 78% inhibitions in 广七細爪 and 
were respectively observed in 6%0-adapted seabream. then returned to the 
control levels after 3h recovery period but the inhibition on persisted. 
Admistration of ( ^ 4 ) 2 8 0 4 and urea in S. sarba results in elevations of 产 ^麵 or 
rnet . , 
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The fate of excess amino acids, adenylates and many nitrogenous substances is for 
them to be catabolised into simpler nitrogenous compounds and removed out of the 
animal body. During catabolism, large amount of NH4+ is produced and since NH4+ is 
highly toxic to most vertebrates, there is a need for these animals to get rid of this 
resulting product. Owing to a scarcity of water, terrestrial animals experience difficulties 
in excretion of ammonia, instead, they are capable of the conversion of ammonia to 
innocuous nitrogenous compounds such as urea and uric acid (Wright & Land, 1998). 
The situation is different in animals which live in the aquatic environment. Ammonia can 
directly diffuse to the water and therefore NH3 excretion requires little energy 
expenditure (Smith & Rumsey，1976). 
In fishes, surprisingly, diverse ways of nitrogen metabolism and excretion are found. 
丁eleosts，comprise almost 98% of the total species of bony fishes, and following many 
other aquatic animals, they excrete ammonia predominantly (Gordon et al.，1965; Sayer 
& Davenport，1987; Saha & Ratha，1989; Wood, 1993). A different scenario is found for 
elasmobranches, dipnoans and coelacanths. These fishes are able of producing huge 
amounts of urea and eliminate it instead of ammonia (Goldstein & Forster，1971; Griffith, 
1991). This kind of ureotelism is also found in several atypical teleostean species, such as 
toadfishes and tilapia. 
Urea is an uncharged molecule that carries 2 amino groups. It is. a less efficient 
nitrogenous product than ammonia; the synthesis of urea costs at least 2 ATPs per unit N 
(Smith & Rumsey，1976). Besides, it has a lower solubility ( -75%) and diffusivity in 
2 
lipoprotein membranes than those of ammonia (Wood, 1993). Despite of uneconomic 
energetic cost, however, urea doesn't exert any direct electrical, acid-base, or gaseous 
effects. And most importantly, urea is relatively non-toxic compared to ammonia. 
Nevertheless, it seems not to make sense that an aquatic vertebrate, particularly 
those marine elasmobranches, have an active ureagenesis and a significant urea excretion, 
despite plenty of water supply in the sea. This interested hundreds of fish biologists to 
carry out experiments to investigate in recent decades. It is now clear that urea produced 
m marine elasmobranches is used for osmoregulation. For marine chondrichthyes living 
in seawater (~33%o), their blood urea levels were found in the range of 600 to 800 mmol 
urea-N 1] (Robertson, 1976; Kormanik & Evans，1986). This high concentration of urea 
constitutes almost one third (300-400 mosm l'') of the total osmotic pressure of blood 
(Griffith，1991; Wood, 1993). Combined with other osmolytes, this allows the fish to 
raise their plasma osmotic pressure slightly higher than that of ambient seawater. Past 
studies confirmed that marine elasmobranches and coelacanth, a bony fish, employ 
ureosmoregulatory mechanism to maintain salt balance and prevent water loss due to 
osmosis in hyperosmotic regime (Griffth et al., 1974). 
Unlike cartilaginous fish and coelacanth, teleosts do not utilize urea as their 
osmoregulatory strategy. Alternatively, they maintain salt balance by means of 
lonoregulation in hyperosmotic environment (Marshall, 1995 ；Wood & Marshall，1994). 
In general, teleostean species spend energy to actively pump out excessive salts out of 
their body and absorb water by the gut. Teleosts do not exhibit an osmoconformity as in 
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ureosmotic fishes, whereas they regulate their osmotic pressure at a steady level 
regardless of environmental salinity fluctuations. Past studies revealed that a functional 
ornithine urea cycle (OUC), the major pathway for ureagenesis, was not present in many 
teleostean fishes (Cohen & Brown, 1960). 
In more recent experiments, a very active and complete hepatic OUC had been 
found in several air breathing teleosts (Saha & Ratha, 1987’ 1989), loadfishes (Read， 
1971; Mommsen & Walsh，1989) and the tilapia of the highly alkaline Lake Magadi of 
Africa (Randall el a l , 1989; Wright, 1993). Besides, elevated urea excretion rates were 
demonstrated in several intertidal teleosts when they were acclimated to higher salinity 
regimes. It also appears to be a tendency for higher blood urea levels present in seawater 
animals. 
At present, information about the contribution of urea and its metabolism to 
osmoregulation is still scarce, and much of the available data are derived from many 
atypical species such as air-breathing teleosts and tilapia living in an highly alkaline lake 
environment. The universality of these data on typical marine species is questionable. 
Research concerning the influence of environmental salinity on urea metabolism has 
received increasing attention over the past few years. Increase in pH, high ammonia level 
and air exposure have been shown to increase ureagenesis and ucea excretion in 
aforementioned studies, but, data on environmental salinity fluctuations are sparse 
(Wood, 1993). 
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Silver sea bream, Spams sarba, is a typical kind of inshore marine fish. It was 
chosen as the test species because the seabream was able to tolerate a wide spectrum of 
salinity environments ranging from 6-50%o (Kelly, 1997; Kelly & Woo, 1999). The 
present experiment aimed to outline biochemical and hematological response to different 
saline environments and the influence on urea metabolism and excretion of sarba. 
The data obtained in the study can give us a better understanding of urea metabolism 
and the role of urea in osmoregulation in marine teleosts. Hopefully, it can contribute to 







Ammonia and urea are major nitrogenous wastes in fishes. However, highly 
diverse adaptations occur in the mode of nitrogen metabolism and excretion in fish. 
Similar to most aquatic animals, teleosts and most osteichthyes excrete their N-wastes 
primarily as ammonia (70-90%) since there is a plentiful supply of water. But the 
ureotelic behaviour, which is observed in most terrestrial vertebrates, is adopted by 
chondrichthyes and, 2 groups of osteichthyes, coelacanth (Griffith et a l , 1973) and 
lungfish (Janssens, 1964). 
In chondrichthyes and coelacanth, urea plays a physiological role in 
osmoregulation. In order to accomplish ureosmotic regulation, Griffith (1991) postulated 
3 requirements which the animal must have: (1) urea synthesis via the omithine-urea 
cycle (OUC), (2) urea tolerance involving biochemical and physiological adjustments, 
and (3) urea retention that requires renal, branchial, metabolic and reproductive 
adaptations. 
Active production of urea and ureotelism have also been reported in several 
teleosts such as the air breathing teleosts (Saha & Ratha，1987, 1989), toadfishes (Read, 
1971; Mommsen & Walsh，1989) and the tilapia of the highly alkaline Lake Magadi of 
Africa (Randall et al., 1989; Wright, 1993). The function of urea is as a substitute of 
ammonia for major nitrogen excretion, during conditions when ammonia excretion is 
unfavourable. Besides, there are only few reports on the influence of salinity on urea 
7 
metabolism and this aspect of nitrogen excretion deserves further study. A brief summary 
of nitrogen metabolism and excretion of fishes is shown in Figure 2.1. 
奢 
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Fig. 2.1 Metabolic pathways of ammonia and urea production and utilization in fish 
(modified after Randall & Wright, 1987). 
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2.2. Ammonia chemistry 
In fishes, ammonia is the most reduced and energy-efficient nitrogen end-product 
of the catabolic oxidation of amino acids and proteins (19.5kJ/g protein; Smith & 
Rumsey，1976). Besides，NH3 is a highly soluble gas, with a solubility 1000 times higher 
than that of CO2. Ammonia exists as 2 forms in solution - the molecule NH3 and the 
cation NH4+: 
NH3 + H+~~> NH+4 (1) 
These 2 components in total ammonia (Tamm) can be calculated from the Henderson-
Hasselbalch equation if the pH and appropriate pK (K represents the dissociation constant) 
are known: 
NH4+=——lAmm = TAmm —NH3 (2) 
1 + antilog (pH-pK) 
In aqueous solution, the pK of ammonia varies from 9.0 to 10.0 in physiological range of 
temperature, ionic strength and protein content (Cameron & Heisler，1983). At 
physiological pH，the equilibrium in equation � will largely shift to the right hand side 
and 95% of ���� in body fluids of fish is present as N H / . NH3 produced from metabolic 
pathways will trap H+ ions to form NH4+ in body fluids hence raising both intracellular 
and extracellular pH. Wood (1993) suggested that on a net basis, ammonia is produced as 
NH3 by metabolism; therefore, by convention, the excretion of N H j is neutral with 
respect to acid-base balance, whereas the excretion o f N H / represents the excretion of 
acidic equivalents. 
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2.3 Ammonia metabolism and excretion 
2.3.1 Ammonia production 
Amino acids in excess of those required for protein synthesis will be catabolized 
into ammonia. The primary production site for ammonia is probably the liver, in which 
there is a high level of transaminase activities (Wright, 1995). Pequin and Serfaty (1963, 
1966) and Vellas and Serfaty (1974) combined measurements of ammonia concentrations 
in blood at different vascular sites with in situ hepatic perfusion in intact carp {Cyprinus 
carpio) to demonstrate that the liver was quantitatively the most important site for the 
production of ammonia. However, the necessary enzymes for ammonia metabolism have 
also been located in the kidneys, gills and muscle tissue (Goldstein & Forster, 1961; 
McBean et al, 1966; Walton & Cowey, 1977). 
Transamination system is the major pathway for ammonia production (Forster & 
Goldstein 1969; Watts & Watts，1974). Various aminotransferases transfer the amino 
group of L-amino acid to a-ketoglutarate to form glutamate, which is subsequently 
oxidized to yield ammonia, a-ketoglutarate and NADH by glutamate dehydrogenase. 
Ammonia can also be derived from hydrolysis of amide groups of glutamine and 
asparagine. The process is catalyzed by glutaminase and asparaginase. Deamination of 
adenylates is another source of ammonia, with highest enzyme activities occurring in 
muscle (Driedzic & Hochachka, 1978) during burst swimming (Wang et a l , 1994) and 
possibly hypoxia (Van Waarde, 1983). The relative contribution of muscle 
11 
ammoniogenesis to total ammonia production is positively correlated with the workload 
of the fish (Driedzic & Hochachka, 1976). 
With the exception of adenylate deamination, the other 2 ammoniogenic pathways 
are aerobic. Under anoxic condition or exhaustive exercise, adenylate deamination in fish 
can be the major route of ammonia production. Goldfish {Carassius auratus) shows a 
remarkable ability to withstand hours of anoxia without a decrease in net ammonia 
excretion rates (van den Thillart & Kesbeke, 1978; van Waversveld et al, 1989). 
2.3.2 Blood levels of ammonia 
Wood (1993) proposed that normal arterial total ammonia level (TA_) is below 
0.5 mmol 1"' and usually closer to 0.1-0.2 mmol l ' in resting , non-feeding fish living in 
flowing water. The most commonly employed sites for blood sampling are caudal or 
cardiac puncture. Caudal puncture blood is usually an arterial-venous mixture while 
cardiac puncture blood is venous. Venous blood contains 50 to 600% more T A _ than 
arterial blood (Goldstein et al, 1964; Walton & Cowey，1977; Wright & Wood，1985). 
Tme resting values can only be obtained via chronic indwelling cathethers; such 
measurements are available for only a few species (Delaney, 1977; Wright, 1993; Wilkie 
& Wood, 1985; Walsh, 1990). Plasma in fishes have been summarized in Table 2.1. 
Many endogenous and exogenous factors may affect plasma TA誦 through 
influence on the production and excretion of ammonia. Endocrine factors (Freeman & 
12 
Idler, 1973) and elevated temperature (Maetz, 1972) may stimulate deamination rate and 
result in increases in plasma TAmm. Enhanced hepatic capacity for ammonia production 
occurred in cortisol-treated Japanese eel, Anguilla japonica (Chan & Woo, 1978) and sea 
raven, Hemitripterus americanus (Vijayan et al., 1996). High Pco-’ in ambient water 
depressed plasma TAmm by inhibition on ammonia production in toadfish, Ops anus beta 
(Evans et al., 1982) and conger eel, Conger conger (Toews et al., 1983). 
13 
Table 2.1 Blood plasma levels (mmol-N.r丨）of ammonia-N and urea-N in fishes living in 
different osmotic conditions 
Species Medium Ammonia-N Urea-N References 
Osteichthyes 
Cyprinus carpio' FW 0.29 1.71 Vellas & Serfaty (1972) 
Oncorhynchus mykiss^ FW 0.10 5.00 Wilkie & Wood (1991) 
Heteropneustes fossilis'' FW 0.47 1.52 Saha & Ratha (1989) 
Sahno truttafcii'icf FW 0.38 0.11 Dosdat e/ al. (1996) 
Channa piinctatus'' FW 0.89 0.46 Saha & Ratha (1989) 
Oncorhynchus clarki henshawi^ 10% SW' 0.17 8.15 Wright et al. (1993) 
Periophthalmus cantonensis" 25% SW 6.70 10.00 Morii et al. (1979) 
Oreochromis alcalicus grahamf 50% SW^ 0.77 10.52 Wood et al. (1989) 
Chalcalburnus tarichf 63% S W 1.30 36.18 Danulat & Kempe (1992) 
Opsanus beta" SW 0.26 16.10 Walsh et al. (1990) 
Sparus auratus' SW 0.18 0.74 Dosdat et al. (1996) 
Lates calcarifer^ SW 0.35 2.14 Woo & Chiu (1997) 
Protopterus aethiopicus^ FW - 8.40 Delaney et al. (1977) 
Protopterus aethiopicus^ Estivation - 406 Delaney et al. (1977) 
Latimeria chalumnae' SW - 754 Griffith et al. (1974) 
Chondrichthyes 
Pristis microdon' FW "Trace" 260 Smith & Smith (1931) 
Potamotrygon sp'- FW “0” 2.2 Gerst &Thorson (1977) 
Chimaera monstrosa'' SW 0.31 664 Robertson (1976) 
Squalusacanthias^ SW 0.33 672 Kormanik & Evans 
(1986) 
"sampled by caudal or cardiac puncture. 
b sampled by in-dwelling catheters. 
'Pyramid Lake, pH 9.4. 
SW = seawater, FW = Freshwater 

























































































































































































































































































































































































































































































































































































































































































































































































Table 2.3 Whole-body rates (^mol-N Kg'' h"') of ammonia-N and urea-N excretion in 
Osteichthyes. 
Species Medium NH3-N Urea-N References 
Aquatic Osteichthyes 
Cyprinus carpio Freshwater 330 (92%) 30 Smith (1929) 
Oncorhynchus nerka Freshwater 521 (79%) 136 Brett & Zala (1975) 
Oreochromis mossambicus Freshwater 59 (100%) 37 Wood (1993) 
Oreochromis niloticus Freshwater 763 (85%) 138 Wood et al. (1989) 
Oncorhynchus mykiss Freshwater 220 (87%) 32 Wilkie & Wood (1991) 
Spams auratus Seawater 250 (96%) 10 Dosdat et al. (1996) 
Salmo truttafario Seawater 294 (95%) 15 Dosdat et al. (1996) 
E—aulis mordax Seawater 293 (80%) 71 McCarthy & Whitledge (1972) 
Engraulis ringens Seawater 686 (75%) 229 McCarthy & Whitledge (1972) 
Agonus cataphractus" Seawater 645 (84%) 127 Sayer & Davenport (1987a) 
Taurulus bubalis Seawater 495 (83%) 104 Sayer & Davenport (1987a) 
Crenilabrus melops Seawater 372 (95%) 18 Sayer & Davenport (1987a) 
Osteichthyes of Alkaline Lakes 
Oreochromis alcalicusgraham" 50% seawater 0 (0%) 7600 Randall et al. (1989) 
Oncorhynchus clarki henshaw' 10% seawater 123 (66%) 63 Wright et al. (1993) 
Chalcalburnus tarich' 63% seawater 1041 (63%) 607 Danulat & Kempe (1992) 
Air-breathing Osteichthyes 
Heteropneustes fossilis Freshwater 254 (91%) 24 Saha & Ratha (1989) 
Amphipnous cuchia Freshwater 171(91%) 17 Saha & Ratha (1989) 
Channa punctatus Freshwater 292 (97%) 9 Saha & Ratha (1989) 
caha Freshwater 607 (91%) 60 McKenzie & Randall (1990) 
Mugilogobrius abei 20% Seawater 548 (85%) 96 Iwata et al. (2000) 
Periophthalmus sobrinus 40% seawater 770(93%) 60 Gordon et al. (1965) 
Periophthalmus sobrinus Seawater 490 (58%) 360 Gordon et al. (1969) 
Periophthalmus cantonensis 25% Seawater 445 (59%) 305 Morii et al. (1978) 
Periophthalmus cantonensis Seawater 630 (33%) 1260 Gordon et al. (1978) 
Boleophthalmus pectinorostris^ 25% Seawater 240 (72%) 95 Morii et al. (1978) 
Ble—us Pholis Freshwater 115 (46%) 136 Sayer & Davenport (1987b) 
Ble—us pholis Seawater 156 (79%) 42 Sayer & D a v e � o r t (1987b) 
Periophthalmus expeditionium Seawater 771 (67%) 383 Gregory (1977) 
Periophthalmus gracilis Seawater 548 (86%) 92 Gregory (1977) 
Opsanus beta Seawater 75 (77%) 24 Walsh (1991) 
a Lake Magadi, p H = 10;' ' Pyramid Lake, pH = 9 . 4 ; � L a k e Van, pH = 9.8. 
The values in parentheses are the percentages of NH3-N excretion to total nitrogen excretion. 
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2.3.3 Ammonia Excretion 
Excretion of ammonia in fish takes place exclusively in gills and only a minor 
portion is eliminated through kidneys (see Table 2.2) and skin (Morii et a!., 1978). 
Under normal conditions, ammonia will be excreted passively down its chemical 
gradient. Mechanisms of ammonia excretion in gills still remain controversial. There is 
little doubt about the passive diffusion of NH3 across the gill epithelial cells. It was found 
that changes in partial pressure gradient of NH3 are positively correlated with changes in 
net ammonia excretion in catfish (Kormanik and Cameron, 1981) and rainbow trout 
(Wright & Wood, 1985). Passive flux of NH3 is thought to be the major pathway for 
ammonia-N excretion at gills. 
N H / ion, being charged and larger than NH3, seems unlikely to diffuse passively 
across the epithelial cells since the permeability of the cell membrane for cation is 
relatively low. The excretion of N H / is strongly coupled to the movement of other ions. 
NH4+ ion is thought to be transported across the epithelial cells via the paracellular canal 
(McDonald et al., 1989) or ionic exchange for Na^ (Fig. 2.2). 
K+ ion, however, will outcompete NH4+ for the pathway as blood-to-water 
gradient of K+ ion is much higher than that for NH4+. In freshwater fishes, since the 
respiratory epithelial cells are joined by tight junctions, it appears that passive efflux of 
NH4+ is unlikely to happen. Nevertheless, gills of seawater fishes seem to have a greater 
NH4+ permeability than freshwater gills (Evans et a l , 1989). 
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Fig 2.2 A schematic model of branchial ammonia (NH3 and NH4+) excretion (a) 
passive NH3 flux; (b) ionic exchange of NH4+ for Na+; (c) passive NH4+ through 
paracellular pathway; and (d) passive NH4+ through gill epithelium. 
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N H / can also be excreted through a carrier-mediated transport mechanism. NH4+ 
is transported into epithelial cells by either a Na+-K+(NH4+)/2Cr cotransporter (Evans and 
More, 1988) in elasmobranchs or a Na+-K+(NH4+)-ATPase in teleosts (Evans, et al., 
1989). Past studies have shown that NH4+ can substitute for K+ in many ouabain-sensitive 
Na+/K+ exchanges across basolateral membrane (Karansky et al., 1976; Shuttleworth & 
Freeman, 1974). NH4+ can then be eliminated by the electroneutral Na+(H+)/NH4+ 
exchange (Maetz, 1973; Wright & Wood, 1985; Wood, 1988，1989) or by the diffusion of 
NH3 occurring simultaneously alongside a classical Na+/H+ exchange (Kinsella & 
Aronson, 1981) or by a vacuolar-type electrogenic H+-ATPase/Na+ channel (Avella & 
Bomancin, 1989; Lin & Randall, 1990; Havey, 1992; Lin et al , 1994). Nevertheless, 
available data from past experiments favored the presence of a Na+(H+)/NH4+ exchange 
as the prevalent mechanism for NH4+ secretion in fishes. But the importance of 
Na+(H+)/NH4+ exchange in total ammonia excretion is elusive. 
Early evidence for the presence of a Na+ZNlV exchange was based on indirect 
studies on data generated via manipulation of external ammonia or Na+ concentrations. 
Evans (1977) showed that elevated ambient N H / led to declines in Na+ uptake in four 
marine fish species including toadfishes. Later on when the teleost toadfish {Opsanus 
— a n d elasmobranch {Squalus acanthias) were subjected to a Na+ free water, J a _ was 
markedly depressed and these findings suggested that J a _ is partially dependent upon 
Na+ as a counter-ion (Evans, 1982). 
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Injections or infusions of ammonia salts (e.g., (NH4)2S04; NH4CI) into intact fish 
stimulates branchial Na+ influxes (McDonald & Prior，1988; Maetz & Garcia-Romeu, 
1964) and similar results are observed in isolated perfused head preparations (Kerstetter 
& Keeler, 1976; Payan, 1978). Indeed, administration of ammonia loads by ammonium 
salts (NH4)2S04; NH4CI) acidifies the blood which results in the coupling of Na+ uptake 
to the active excretion of H+. As further evidence against Na+ZNlV exchange, Avella & 
Bomancin (1989) attempted to stimulate the exchange by increasing NH4+ concentrations 
at the gill's basolateral surfaces and by decreasing perfusate pH, and both treatments 
reduced J a � but increased Na+ influx. In another experiment, intravascular infusion of 
NH4HCO3 into the freshwater rainbow trout induced a metabolic alkalosis in the blood 
but surprisingly, stimulated Na+ influx (Salama et al., 1999). Salama (1999) speculates 
that ammonia loading directly s t i � l a t e s Na+ uptake, perhaps by activation of a non-
obligatory Na+ZNlV exchange rather than Na^-coupled H+ excretion mediated by altered 
internal or external acid- base status. 
In a more recent experiment on an amphibious fish, Periophthalmodon schlosseri 
(mudskipper), active N H / excretion is found in gills (Randall et al., 1999). Under 
conditions of elevated water N H / concentration (100 mM), the transepithelial potential 
is not high enough to maintain the N H / concentration gradient between blood and water, 
ammonia excretion under such conditions appears to be active. The experiment also 
showed that the process is highly sensitive to amiloride, a Na+ channel blocker, and 
ouabain，a Na+-K+-ATPase inhibitor. The Na+ZNH/ exchange is probably located on the 
epithelial apical membrane. Presence of amiloride in water and acid condition inhibits 
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branchial Na+ influx and thus results in a reduction of ammonia excretion (Wright & 
Wood，1985). It can be concluded that Na+(H+)/NH4+ exchange may play a role in 
ammonia excretion, and becomes especially important when conditions unfavourable for 
passive ammonia excretion is prevalent. 
However, Wilkie (1997) reviewed the available evidence and suggested the 
existence of a Na+/NH4+ exchange in freshwater teleosts is questionable. Electroneutral 
Na+/H+ antiporter is energized by chemical gradient favouring Na+ influx and is known to 
operate in trout red blood cells (Motais et al., 1989) where external Na+ concentrations 
are markedly higher than the respective intracellular Na+ concentrations. But in 
freshwater, Na+ concentration is at least 5-100 times lower than intracellular gill Na+ 
concentrations (Morgan et a l , 1994). Under such circumstances, an inwardly directed 
Na+ gradient across gill apical membranes appears inadequate to energize Na+/H+ 
exchange, or Na+/NH4+ anitporters. Alternatively, very high external Na+ concentrations 
in marine environments, make the presence of electroneutral NaVNH4+ exchange more 
likely in seawater fishes. 
Recent studies postulate that an electrogenic H+-ATPase may be acidifying the 
water surrounding the gills and thus creates a favourable environment for the conversion 
of NH3 to NH4+, thereby maintaining diffusional gradients for NH3 (Lin & Randall, 
1991). Inhibition of ��� by amiloride might be explained by reductions in NH3 diffusion 
trapping by the actively extruded protons, rather than by inhibiting Na+/NH4+ exchange. 
The presence of extracellular carbonic anhydrase also contributes to the acidification by 
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accelerating the hydration of CO2 in the boundary layer. The reductions in � � � ’ 
following inhibition of branchial carbonic anhydrase with acetazolamide, might be 
explained by reductions in internal proton supply for H+-ATPases (Harvey, 1992). 
According to data available, the existence of Na+ZNH/ exchange in teleosts, 
especially in freshwater species, has now become questionable. Nonetheless, Wilkie 
(1997) pointed out that only a tiny fraction of the world's total fish species has been 
studied，and the possibilities of an apical Na^'/NH/ exchange, more likely present in 
marine fishes, cannot be ruled out. Future direction in this area can be focused on the use 
of electrophysiological, biochemical and molecular techniques to isolate and characterize 
branchial ion transporters in the gills of both marine and freshwater fishes. 
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2.4 Urea metabolism and excretion 
2.4.1 Urea Chemistry 
Unlike ammonia, urea exists as only one form, an uncharged molecule that carries 
2 amino groups. Its energetic cost for production is higher than that of ammonia (15.5 
kJ/g protein; Smith & Rumsey, 1976). Moreover, it has a lower solubility and diffusivity 
in lipoprotein membranes compared to ammonia. This makes the molecule more difficult 
to cross membrane barriers as the transportation is hindered at the cell membranes. 
However, urea can exert no direct electrical, acid-base, or gaseous effects and more 
importantly, it is relatively non-toxic to animals (Wood, 1993). 
The urea molecule is a dipole and has a low lipid vs. water partition coefficient 
(0.00015). This low lipid solubility makes urea less permeable in lipoprotein membranes. 
Passive excretion through cell membranes is thought to take place via aqueous poles. The 
solubility and diffusion coefficient of urea in water is similar to those of ammonia, 
amounting to only about 25% lower than those of ammonia (Wood, 1993). These 
properties also enable urea to be easily transported in the bloodstream. 
The production of urea requires equal amounts of N i V and I ICO3": 
2 NH4+ + 2HCO3-——^A^//2-C0-NH2 + 3H2O + CO2. (3) 
As equal amounts of NH4+ and HCO3" are consumed, the production of urea is neutral 
with respect to whole animal acid-base balance. 
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Despite higher energetic cost of urea synthesis, under conditions where ammonia 
excretion is difficult, a less toxic metabolite is needed to replace ammonia to prevent 
accumulation of toxic ammonia. In cases where there is a need for a relatively non-toxic 
osmolyte for osmoregulation, benefits of urea production will outweigh its energetic 
disadvantage. 
2.4.2 Urea production in fishes 
In animals, urea can be synthesized either from argininolysis (breakdown of 
dietary arginine), orthinine urea cycle (OUC) or uricolysis (breakdown of purines). A lot 
of literature has revealed that an active OUC is present in ureosmotic elasmobranchs 
(Payan et al., 1973) and coelacanths (Brown & Brown, 1967), and dipnoi (Janssens & 
Cohen, 1968) during estivation. As such, if a fish employs urea as an osmolyte and/or a 
major nitrogenous waste, urea appears to be primarily generated by the OUC (Griffith, 
1991). Apart from coelacanths and dipnoi, active OUC is only restricted to a few 
teleostean species within the Osteichthyes (see below). 
In teleosts, production of urea is thought to take place through argininolysis and 
uricolysis since arginase is ubiquitous by present (Cvancara, 1969b; Read, 1971; Saha & 
Ratha, 1987，1989) and uricolytic enzymes (Cvancara, 1969a; Goldstein & Forster, 1964) 
appear to be present in most teleosts. In earlier studies, Cohen and Brown (1960) 
hypothesized that the genes for the OUC had been suppressed or deleted in teleosts. 
However, Huggins et al. (1969) examined all OUC enzymes in the liver tissues of 17 
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teleostean species from 7 piscine orders. The results showed that at least trace levels of 
some or all of the OUC enzymes were found in these fishes. Similar findings (Read, 
1971; Wilson, 1973; Cvancara, 1974; Depeche et al., 1979; Chiu et al., 1986; Mommsen 
& Walsh，1989; Cao et al., 1991) were also reported in other teleostean species and it 
seems apparently trace levels of some or all OUC enzymes can be found in typical 
teleosts. More importantly, as mentioned above, a very active and complete OUC has 
now been found in some nonureosmotic teleosts which is correlated with their unique 
habitats, life cycle variations, or environmental adaptations (Saha & Ratha, 1987，1989; 
Read，1971; Mommsen & Walsh，1989; Randall et a l , 1989; Wood et al., 1989). 
Highest enzyme activities (argininolysis, uricolysis and OUC) were found in liver 
among fishes that have been examined. However, activity of carbamoyl phosphate 
synthetase III (CPSase III), a key enzyme of OUC, was absent from the liver of all fish 
studied by Felskie et al. (1998). Surprisingly, CPSase III was present in the muscle of the 
common carp {Cyprinus carpio) and bowfin {Amia calva) and in the intestine ofbowfin. 
2.4.3 Argininolysis 
Arginiolysis is actually the final step of the OUC which converts dietary arginine 
to urea and ornithine, a reaction catalyzed by the ubiquitous enzyme — arginase. The 
reaction is strongly exergonic [change in energy (G'o)= -12.3 kcal/mol (Cohen & Brown， 
1960). Urea produced via the argininolytic pathway is a single step and happens even 
when the OUC is incomplete. There is little doubt about the presence of arginase in most 
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fish. Saha and Ratha (1987, 1989) demonstrated that significant arginase activity was 
found in all Indian air-breathing teleosts examined. Significant arginase activities were 
found in toadfish (seawater living, Read, 1971) and freshwater teleosts (Cvanara，1969b). 
2.4.4 Uricolysis 
Uricolysis was first proposed by Brunei (1937)，through which urea is derived 
from uric acid, an end-product of purine synthetic pathway. The pathway takes place in 
peroxisomes when uric acid is converted into allantoin by uricase; then hydrated to 
allantoic acid by allantoinase; allantoic acid will then be hydrolysed to glyoxylic acid and 
2 molecules of urea by allantoicase (Fig. 2.3). 
Purines can be formed de novo by condensation of glutamine. Vellas and Sefaty 
(1974) have demonstrated that perfusion of glutamine into in situ liver preparation, could 
stimulate both urea and uric acid release in carp {Cyprinus carpio). The cytosolic, 
glutamine-dependent carbamoyl phosphate synthetase II (CPS II) required for this 
synthesis has been documented in the liver of largemouth bass, Micropterus salmoides 
(Cao et a l , 1991). 
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Fig. 2.3 Biochemical pathway of the production of urea in fish via 
uricolysis 
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2.4.5 Ornithine-urea Cycle (OUC) 
The location of OUC is thought to be inside the mitochondria of liver tissues in 
fish. There are two key features of fish OUC that differ from those in higher vertebrates 
(Dipnoi & tetrapods): the glutamine dependency of the cycle (vs. ammonia dependency) 
and the intramitochondrial location (vs. cytosolic) of arginase. The OUC appears to have 
evolved as a monophyletic trait in vertebrates (Mommsen & Walsh, 1989). Coelacanths 
retain features of OUC in fishes, but Dipnoi adopt properties similar to higher 
vertebrates. Mommsen and Walsh (1989) reported that the carbomoyl phosphate 
synthetase (CPSase) activity is a CPSase I，not a "fish-type" CPSase III as in the African 
lungfish, Protopterus aethiopicus. Moreover, glutamine synthetase activity could not be 
detected in liver of fishes (Janssens & Cohen, 1968). 
Wood (1993) had summarized the properties of OUC present in fishes. The first 
step of the OUC is the indirect fixation of NH4+ from glutamine and HCO3". Together 
with phosphate bond energy generated by CPSase III, carbamoyl phosphate is then 
incorporated with ornithine to yield citrulline, the reaction is catalysed by ornithine 
carbamoyl transferase (OCTase). The second amino group is donated by aspartic acid, 
under the influence of argininosuccinate synthetase (ASS). The next step is catalysing the 
cleavage of argininosuccinate to arginine and fumarate by argininsuccinate lyase (ASL) 
and hydrolysis of arginine by arginase eventually producing urea and regenerating the 
ornithine backbone. Glutamine is synthesized by glutamine synthetase, an 
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Fig. 2.4 Biochemical pathways in fish for the production of urea via the ornithine urea 
cycle (modified after Wood, 1993). 
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intramitochondrial enzyme which catalyse the fixation of ammonia by glutamate. In 
higher vertebrates, this enzyme is located in the cytosol. The localization of glutamine 
synthetase in the mitochondria prevents glutamine produced to be consumed by non-
OUC enzymes such as CPSase II in the purine metabolic pathway. The properties and 
function of CPSase III are very similar to CPSase I found in the OUC of higher 
vertebrates. They both require N-acetyl-L-glutamate (NAG) as an allosteric activator for 
enzymatic activities, but, CPSase III utilizes glutamine as the nitrogen donating substrate 
rather than ammonia as in CPSase I. CPSase III is thought to be the precursor of 
mammalian and amphibian CPSase I. 
Expression of some or all extrahepatic OUC enzymes had been recently reported 
in Indian air-breathing fish {Heteropneustes fossilis; Saha & Ratha, 1987), large-mouth 
bass (Micropterus salmoides; Kong et al., 1998), gobiid fish {Mugilogobius ahei; Iwata et 
al.，2000) and 4 other fish species (common carp, Cyrinus carpio; goldfish, Carassius 
a画channel catfish, Ictalurus punctatus; bowfm, Amia calva) examined by Felskie 
et al. (1998). CPSase III and ornithine carbamoyltransferase (OCTase) activities were 
found to be present in intestinal tissue and, unexpectedly, in muscle tissue of large-mouth 
bass. The total units of CPSase III and OCTase in muscle, intestine, and liver appear to 
be sufficient to account for the observed rate of urea excretion in this fish. Lindley et al. 
(1999) reported that CPSase III and all other urea cycle enzyme activities are present in 
muscle of this species at levels more than sufficient to account for the rate of urea 
excretion in the ureotelic Magadi tilapia (Oreochmmis�aicalicus grahami). Further 
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studies on extrahepatic OUC enzymes expression may help us to understand more on 
high rates of urea excretion in other uretelic teleosts. 
Comparisons of the rates of ureagenesis by the OUC vs. that by uricolysis have 
been made via radiotracer techniques applied to in vitro liver preparations of two 
ureagenic species, the dogfish {Squalus acanthias\ Schooler et al, 1966) and the lungfish 
{Protopterus dolloi\ Forster & Goldstein, 1966) and one "standard" teleost {Cyprius 
carpio; Vellas & Sefaty, 1974). In both ureagenic species, urea production in vitro by the 
OUC was about 100-fold faster than by uricolysis, whereas in common carp, urea was 
produced only by uricolysis. 
Though Huggins et al. (1969) and other researchers reported the existence of 
OUC enzymes in a number of teleosts, the significance of these findings is still 
unresolved. Until more recently, induction of OUC enzymes was found in rainbow trout 
during early life stages (Wright, 1995). CPSase, OCTase, glutamine synthetase peaked 
during 60 to 93 days after fertilization. However, the activities of these enzymes 
remained at low level in adult trout. Urea synthesis may function as a mechanism to 
detoxify very high ammonia levels in the early life stages. OUC enzymes may not be 
active in adult teleosts but they are believed to be activated in early life stages. Further 
evidence was found in marine Atlantic cod (Gadus morhua) embryos wbere CPSase III, 
ornithine transcarbamoylase (OTCase), glutamine synthetase (GSase) and arginase 
activities were all expressed prior to hatching (Chadwick & Wright, 1999). 
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More importantly, a very active and complete hepatic OUC has now been found 
in several air breathing teleosts (Saha & Ratha, 1987, 1989, 1999)，the toadfishes (Read, 
1971; Mommsen & Walsh, 1989, 1993) and the tilapia of highly alkaline Lake Magadi 
(Randall et a l , 1989; Wright, 1993). 
2.4.5.1 Tilapia inhabiting the highly alkaline lake Magadi 
Under unusually high water pH, ammonia excretion would be largely altered. 
When the ambient pH is close to or higher than the pK {= 9.75) of the NH3/NH4+ 
equilibrium, this equation will shift to the left hand side. A net accumulation of NH3 just 
outside the gill epithelium happens and this eventually reduces or reverses the blood-to-
water ammonia chemical gradient. The reduced or reversed direction of ammonia 
diffusion will hence increase the plasma NH3 level. 
NH3 + H2O o N H / + OH-
Under this condition, activated urea production and excretion were firstly 
observed in the tilapia, Oreochromis alcalicus living in the highly alkaline Lake Magadi 
in Africa (pH ~ 9.9). The fish exhibits an unusual response to this highly unfavourable 
condition. The fish excretes all of their nitrogenous waste as urea where their close 
relative，Oreochromis niloticus, living in normal soft freshwater, exhibits normal 
excretion rates as a typical teleost (Randall et al., 1989). 
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Besides, elevated activities o fOUC enzymes were found in O. alcalicus but not in 
other tilapia species. One should note that there is a shift in the ureagenesis pathway from 
uricolysis to OUC. This showed that the activity of the uricolytic enzyme, allantoicase, in 
O. alcalicus was relatively lower than that of O. niloticus. Further, the plasma urea of the 
unusual species is higher than the control fishes. 
Chalcalburnus tarchi inhabits the highly alkaline (pH 9.8) Lake Van in eastern 
Turkey and excretes significant amounts of urea although ammonia excretion still 
predominates (Danulat & Kempe, 1992). Besides, one of the OUC cycle enzymes, 
OCTase is too low to be measured in the fish. Therefore, it is unlikely that a functional 
OUC is present in this species. 
2.4.5.2 High Ambient Ammonia 
Similarly, high ambient ammonia exerts the same effect as high water pH on 
ammonia excretion. Passive NH3 efflux would be largely reduced and even a net NH3 
diffusion into the fish may occur. Consequently, plasma NH3 is elevated and urea 
metabolism has to be activated to prevent toxic accumulation of NH3. After chronic 
ammonia exposure, ureagenic O. alcalicus excretes mostly urea and the excretion of 
ammonia is largely reduced (Wright, 1993). Saha & Ratha，（1987) also found that urea 
excretion was stimulated in the air-breathing teleost, Heteropneustes fossilis under 
33 
conditions of prolonged exposure to (> 8 days) extremely high levels of environmental 
ammonia (25-75 mM NH4CI). 
2.4.5.3 Air Exposure 
Effect of air exposure was investigated in several Indian air-breathing teleosts. Air 
exposure reduces water content of fish and creates a complicated osmotic problem. In 
order to save water, the fish has to excrete urea just like terrestrial vertebrates. Under 
normal conditions, they are typical ammoniotelic teleosts. Upon air exposure, increased 
urea excretion and activated OUC were observed and this is thought to be an important 
aspect of their tolerance to prolonged air exposure (Saha & Ratha, 1987). 
2.4.5.4 Toadfishes 
High activities of the OUC enzymes were found in two toadfish species, the 
oyster toadfish, Opsanus tau (Read, 1971) and the gulf toadfish, Opsanus beta 
(Mommsen & Walsh，1989). Activities of OUC enzymes in these fishes were comparable 
to those of elasmobranchs. However, a low plasma urea level (1-lOmM) exists in these 
fishes，and urea is presumed to play no significant osmoregulatory role. Once being 
exposed to high ambient ammonia or air (Maina et a l , 1998; Walsh et al., 1990)， 
although urea excretion rates increased significantly, findings were quite variable. 
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Physical confinement did initiate a switch to ureagenesis within one or two days 
in toadfish, a change which was accompanied by increased glutamine synthetase activity 
(Walsh et al, 1994). The ureotelic response in these species is apparently not due to any 
environmental factor; it may be just a response lo stress. Cortisol, a glucocorticosteriod, 
is secreted when the animal is stressed. It may induce gluconeogenesis from amino acid 
and increases excretion rates of ammonia (Chan & Woo, 1978). 
Under chronic Cortisol treatment, sea ravens exhibited elevated plasma urea level 
(Vijayan et al, 1996). More importantly, activities of 4 hepatic enzymes involved in 
OUC and uricolytic pathways increased when treated with Cortisol. In Cortisol treated sea 
ravens，activities of several aminotransferases and glutamine dehydrogenase increased, a 
phenomenon which is probably due to the induction of gluconeogenesis by Cortisol. 
Hence, stimulation of urea pathways was to clear the excess ammonia. Apart from these 
findings, the ureagenic response was also observed in toadfish, Opsanus beta, treated 
with dexamethasone, a synthetic glucocorticosteriod (Mommsen et al, 1992). 
2.4.6 Blood urea concentration 
Smith (1929) postulated that marine chondrichthyes maintain high urea 
concentration in blood together with significant amounts of trimethylamide oxide 
(TMAO, contributing to 50 to 200 mosm-r') and higher levels of Na+ and CI" (about 250 
mosm.l.i each), to allow maintenance of an osmotic pressure slightly above that of 
ambient seawater. For these marine animals, their blood urea levels normally are in the 
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range of 600 to 800 mmol u rea-N . r�Thus , 300 to 400 mosm-r', or about one third of 
plasma osmotic pressure is contributed by urea. This prevents the fish from losing water 
to ambient seawater, but rather gains small amounts of water through gills by osmosis for 
urine production. As mentioned in the previous section, high levels of urea destabilizes 
protein structure, but the simultaneous increase of TMAO counteracts this influence. 
Normally, in elasmobranchs but not in holocephalians, the ratio of TMAO to urea in the 
plasma is maintained at around 1:2 (Read, 1971). 
When marine and euryhaline elasmobranchs move to a more dilute medium, 
plasma urea and TMAO fall but rise again when they return to more concentrated media. 
This serves as a mechanism of osmoconformity (Price, 1967). Urea concentrations of 
elasmobranchs inhabiting freshwater are only 30-50% of those living in 100% seawater 
(Table 2.2). The adjustments of plasma urea levels are achieved by modifying the renal 
clearance rate of urea (Goldstein et al., 1968) and/or changing biosynthetic rates 
(Goldstein & Forster，1971; Haywood, 1973). 
With the exceptional case of the ureosmotic Latimeria chalumnae, 
osmoconformity is not observed in osteichthyes. Marine teleosts maintain a constant 
blood osmolality by means of hyposmoregulation. The principle of osmoregulation in 
seawater teleosts is to maintain ionic homeostasis by elimination of excess salts (Na+and 
Cr) and intake of water from the environment. The underlying mechanisms of both Na+ 
and c r excretion across the gills of marine teleost fish are now well established (Cutler et 
al.’ 1996; Marshall, 1995; Utida et al, 1971; Shuttleworth, 1989). 
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In teleosts, plasma urea-N levels are generally in the range of 1 to 10 mmoM"' 
(Table 2.2). In fact, teleosts living in higher salinity tend to have higher plasma urea 
levels. Table 2.2 lists the plasma urea levels of fishes living in different osmotic 
conditions. Dosdat et. al. (1996) demonstrated that marine teleosts had an average urea-
N plasma concentration seven to eight times higher than that of the freshwater-acclimated 
salmonids. Plasma urea levels generally elevated as ambient salinity increased, though 
the levels in the marine teleosts is relatively low compared to that of Squalus acanthias 
(Table 2.2). An osmoregulatory function for such a low plasma level of urea the 
osmoregulation is questionable, but the apparent trend showed a phylogenetic 
relationship with ureosmotic regulation during hyperosmotic adaptation. 
2.4.7 Urea excretion in fishes 
In most fishes, urea excretion primarily occurred in the gills and a significant 
amount of urea is also excreted in the urine. In general, urea transport in fish has received 
relatively sparse attention (Wood, 1993; Korsgaard et al., 1995). There are 3 fundamental 
ways in which urea crosses membranes: (1) through specialized membrane transporters, 
(2) by lipid-phase permeation or (3) through paracellular channels. Classical model 
suggested urea transport across cell membranes is achieved by lipid-phase permeation. 
The permeability of lipid bilayers to urea, however, is quite low, ~4 x 10"^cm/sec 
(Knepper, 1990). This low membrane permeability does not account for the rapid 
transport of urea across some membranes. Indeed, there is evidence for active or 
facilitated urea transport across various membranes in a number of vertebrates, including 
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elasmobranchs (Schmidt-Nielsen & Rabinowitz, 1964; Schmidt-Nielsen et al., 1972). 
Recently, a complementary DNA (cDNA) for a urea transporter has been isolated from 
the rabbit (You et al., 1994) and rat kidney (Smith et al., 1995). 
2.4.7.1 Branchial urea excretion in fishes 
In ureosmotic elasmobranchs, the explanation for the existence of low permeability 
to urea was controversial. There is no evidence for the presence of a facilitated urea 
transport and low branchial permeability to urea was thought to be of structural origin 
(Boylan, 1967). Nevertheless, urea transport across gill epithelium is by diffusion 
(Bergman et a l , 1974). Wood (1993) questioned that it is difficult to understand how an 
epithelium can sustain a concentration gradient of 300 to 400 mM urea without alteration 
of the transport of respiratory gases. 
In the dogfish {Squalus acanthias), the low apparent branchial permeability can be 
explained by the presence of an phloretin-sensitive active urea transporter on the 
basolateral membrane that returns urea to the blood and hence reduces the apical urea 
gradient (Part et al., 1998). Similar active urea transporters are also present in both apical 
and basal epithelial cell membranes of amphibian skin which are responsible for uptake 
or reabsorption for urea from the ambient water for ureosmoregulatory purpose during 
hyperosmotic acclimation (Ehrenfeld, 1998). 
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The mechanism of branchial urea excretion in teleosts was investigated in recent 
years. A series of experiment on urea transport in gill epithelium had been carried out in 
the toadfish, Opsanus beta and urea excretion was observed to take place mainly in a 
pulsatile manner. A pulsatile urea excretion in gills was first evidenced by Wood et al. 
(1995, 1997). Pulsatile urea-N excretion occurred at the head end across the gills and/or 
body surface while ammonia-N excretion, which was not pulsatile, also occurred largely 
through the head end (Wood et al., 1995). At times of pulsatile excretion, plasma urea 
concentration was found to fall sharply and decrease in tissues of the whole body. These 
results indicate that urea pulses are due to activation of an excretory mechanism that 
rapidly clears urea from the blood plasma, thereby lowering stores throughout the whole 
body. 
Pulsatile urea excretion is unlikely to be achieved by a passive urea efflux through 
gill epithelium. During natural pulse events, when the normally very low gill 
permeability to urea (3X10—7 cm s"') increased at least 35-fold, there was no 
accompanying increase in permeability to water and the paracellular diffusion marker, 
polyethylene glycol (PEG)-4000. Pulsatile urea-N excretion is caused by the periodic 
activation of a facilitated urea transporter in the gills, similar to the vasopressin-regulated 
urea transporter in the mammalian kidney (Wood et a l , 1998). By pretreatment with the 
cytoskeletal-disrupting agent colchicine, pulsatile urea excretion was abolished in 
toadfish，possibly due to the blockage by colchicine on trafficking of urea transporter-
containing vesicles (Gilmour et a l , 1998). This evidence suggested that gill urea 
permeability is increased periodically by the insertion and/or activation of specific urea 
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transporters into gill cell membranes and may explain the mechanism of pulsatile urea 
excretion in toadfish. 
In the latest study on the ureotelic Magadi tilapia {Alcolapia grahami), a 1700 base 
pair cDNA of its urea tranporter (mtUT) was cloned and northern analysis of gill, red 
blood cells, liver, muscle and brain using a portion of mtUT as a probe revealed that gill 
is the only tissue in which mtUT RNA is expressed (Walsh et a l , 2001). Besides, a 
trafficking of dense-cored vesicles was located between the well-developed Golgi 
cistemae and the apical membrane in pavement cells of the tilapia, which was not 
observed in non-ureotelic relative {Oreochromis niloticus). Furthermore, urea transport 
was inhibited by classic inhibitors of mammalian and piscine urea transporters (thiourea, 
N-methylurea and acetamide). These findings strongly suggested that the gills of this 
alkaline-lake-adapted species excrete urea constitutively via the specific facilitated urea 
transporter mtUT. 
2.4.7.2 Mechanisms of renal excretion in fishes 
Ureosmotic marine elasmobranchs showed a remarkable ability to retain urea at the 
kidney for the purposes of osmoregulation (Smith, 1936; Hickman & Trump, 1969). By 
comparison of urine and plasma urea concentration, Wood (1993) suggests that urea may 
be actively reabsorbed in a number of freshwater and marine fishes. A carrier-mediated 
mechanism for active reabsorption of urea has been documented in sharks (Schmidt-
Nielsen et al., 1972; Hays et al., 1976). 
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To date, this mechanism remains uncharacterized in teleosts. Experiments had 
confirmed retention of urea for rainbow trout in freshwater (Curtis & Wood, 1991, 1992; 
McDonald & Wood, 1998) and cutthroat trout in alkaline Pyramid Lake (10%, seawater; 
Wright et al , 1993). The fractional reabsorption of urea (72%) occurred against an 
apparent concentration gradient, suggesting an active reabsorption transport (McDonald 
& Wood, 1998). Apart from that, [urea] in the urine was only 59% of that in blood 
plasma. This evidence suggests that carrier-mediated reabsorptive transport of urea 
occurs in the kidney subject to tight homeostatic control in freshwater trout. As 
mentioned in the previous section, a phloretin-sensitive active urea transport was found in 
gills of spiny dogfish, Squalus acanthias. Further studies should be directed to investigate 
whether this urea transporter is present at the kidneys of both elasmobranchs and teleosts. 
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2.5 Influence of environmental salinity on nitrogen excretion in teleosts 
In many review articles (e.g., Griffith, 1991; Wood, 1993), the significance of the 
role of nitrogen metabolism and excretion on salinity adaptation has been recognized. 
Despite this, works on teleosts in this area are still scarce, compared to other 
environmental factors studied. 
As mentioned above, a more complete picture has been established in marine 
elasmobranchs. In ureosmotic marine elasmobranchs, almost 95% of the urea load was 
found to be actively reabsorbed in the kidneys (Smith, 1936). Urea is even not secreted 
by the kidneys of marine fish (Hickman & Trump, 1969). On the contrary, during 
acclimation to hyposmotic environment, both an increase in glomerular filtration rate and 
a decrease in tubular urea transport occurred (Payan et a l , 1973; Wong & Chan, 1977). 
Thus these resulted in dramatic increase in renal urea excretion as a mechanism to lower 
plasma osmotic pressure in dilute environment. Elasmobranchs regulate the renal urea 
clearance rate to keep their osmotic pressure isosmotic to the ambient water. This can be 
achieved by increase in glomerular filtration rate and a reduction in tubular urea transport 
(Goldstein & Forster，1971; Schmidt-Nielsen et al., 1972; Payan et al., 1973; Wong & 
• Chan, 1977). 
On the contrary, the available data on the influence of salinity on urea excretion in 
teleosts are contradictory (see also Table 2.3). Gordon et al. (1965) first demonstrated in 
Periophthalamus sobrinus, urea excretion was greatly decreased upon reduced ambient 
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salinity but it was largely increased in Blennius pholis (Sayer & Davenport, 1987); J^rnm, 
however, is unaffected by reduced salinity in both fishes. Wright et al. (1995) 
investigated the effects of reduced salinity on ammonia and urea excretion in the tidepool 
sculpin {Oligocottus maculosus). Acute (2h) exposure to 50% seawater significantly 
increased net urea excretion 2.8-fold), reduced net ammonia excretion ( � � � � ’ 
3.5-fold). In fish exposed to 50% seawater for 1 week, returned to control values, 
but J"''amm remained slightly depressed. Wright then suggested that if urea is involved in 
osmoregulation in intertidal teleosts, then one would expect an initial increase in urea 
excretion, resulting in a decrease in tissue urea levels, in response to dilute seawater 
exposure. 
This statement was further strengthened by a recent study on the response of abrupt 
hyposmotic transfer in Sparus sarba (Kelly & Woo, 1999). Serum urea levels elevated 
significantly one hour after the abrupt transfer to 6%o regime. One possible explanation to 
this was that urea was mobilized upon reduced salinity and was transported to excretory 
sites (e.g. gills) for clearance. There was a sharp decrease in serum urea level after 24-
hour abrupt acclimation in 6%。and lower level in serum urea of abrupt hyposmotic 
transferred fish resulted after 48-hour acclimation, suggesting that increased clearance 
.rate of urea occurred in these fish. This speculation needs further investigation on the 
excretory physiology in this fish, but very low urea concentrations (<1 mmol urea-N l"') 
were reported in 10 different teleosts living in very dilute, soft fresh water of the Amazon 
(Mangum et a l , 1978). 
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Based on the results on urea excretion physiology in tidepool sculpin, Wright et al. 
(1995) proposed a hypothesis that there is a general increase in gill permeability upon 
reduced salinity exposure. Isaia (1982) demonstrated that gill permeability to small non-
electrolytes, such as urea, was higher in freshwater adapted vs. seawater-adapted rainbow 
trout. Changes in gill permeability in acclimated fish may be due to changes in gill 
membrance phospholipid composition (Zwingelstein 1980). Increased in sphingomyelin 
in gill epithelial membranes of saltwater acclimated fish may decrease the permeability of 
passive diffusion of molecules across the membrane (Zwingelstein 1980). Short-term 
increase in gill permeability may be attributed to an increase in circulating 
catecholamines. Epinephrine greatly increases the permeability of the gill to small 
hydrophilic molecules, including urea (Isaia et al. 1978). 
Nothing is known about urea excretion rates during hypersomotic acclimation in 
teleosts. Elevated internal urea concentrations and urea excretion rates were reported in 2 
crustaceans species, Penaeus chinensis juveniles (Chen & Lin, 1995) and Scylla serrata 
(Chen & Chia, 1996), an anuran amphibian (Xenopus laevis\ Dejours et al., 1992) and 
sturgeons (Gershanovich & Pototskij, 1995) when the aquatic animals were transferred 
from low to higher salt concentration regimes. A reversal trend in ammonia excretion was 
.also observed in the 2 crustacean species and sturgeons. In spite of this, in another anuran, 
Pluerodeles waltlii, the nitrogen metabolism of which is less sensitive to the variation of 
the ambient osmolality than in Xenopus, only high values of the ambient osmolality were 
required to increase the net efflux of urea (Dejours et al., 1993). Dejours et al. (1992) 
concluded that increase of the ambient osmolality led to a rise in protein catabolism and 
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eventually to a predominant ureotelism. To the best of my knowledge, nothing is known 
about the urea excretion rates during fishes moving from freshwater to hyperosmotic 
environment. 
Osmotic conditions also affect the excretion routes of nitrogen excretion. Of both 
ammonia and urea excretion, 50-70% occurred in the head region for seawater-inhabiting 
teleosts, whereas the freshwater tilapia studied excreted 90% from the head (Sayer & 
Davenport, 1987). 
To date, the available data are largely based on experiments on amphibious 
teleosts . Normally, all these inter-tidal teleosts possess completely different life histories 
and habitats from truly "aquatic" counterparts. Apart from this, the data used for 
comparison of nitrogen excretions between seawater and freshwater fishes principally 
originated from different sources (Table 2.3). For example, nitrogen excretion rates of the 
rainbow trout obtained from Dosdat et al. (1996), are several-fold lower than the results 
from Wilkie & Wood (1991). In order to clarify these discrepant data, one of the goals of 
present study is to investigate the pattern of nitrogen metabolism and excretion in 
response to different osmotic conditions in the silver seabream, Spams sarba. 
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CHAPTER 3 
BODY COMPOSITION AND UREA 




The known mechanisms of ionic and osmotic regulation in marine teleosts is based 
primarily on studies on a limited number of euryhaline species adapted to seawater 
conditions. There is growing evidence showed that these marine teleosts exhibit a high 
degree of euryhalinity (Dutil et al., 1992; Kelly & Woo，1999; Kelly et al., 1999; 
Mancem et al., 1993; Munro et al., 1994; Woo & Fung, 1981; Woo & Kelly, 1995; Woo 
& Murat, 1981) and are capable to tolerate media that are considerably hyposmotic to 
blood plasma. 
The Sparidae are considered as "true" marine teleost. however, these non-esturaine 
dependent nekton are capable to migrate and adapt to estuarine ecosystems (Day et a l , 
1989). As such, these fish, like other species of fish that frequently enter estuarine 
environments, are likely to experience a degree of salinity variation, where efficient 
osmoregulatory strategies will have a bearing on the salt balancing during natural 
exposure to salinity fluctuation. 
The degree of physiological perturbations in response to salinity variations generally 
reflects the euryhalinity of a fish. Muscle composition, serum electrolytes, serum 
metabolites and hematology are frequently used as the indices of the effectiveness of a 
species to adapt to new salinity environment. Salinity fluctuations only caused minor 
modifications of these physiological parameters in marine teleosts examined in the 
aforementioned studies. 
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In teleosts, ionoregulation is employed for regulation of salts by 
hypoosmoregulating or hyperosmoregulating their internal environments in response to 
salinity fluctuations. In contrast to these fishes, the elasmobranches and some 
osteichthyes synthesize and retain urea for osmoregulation. To the best of my knowledge, 
despite the growing interest in urea metabolism of teleosts, there is no available 
information on the influence of environmental salinity on urea metabolism in these fishes. 
In the present study, the marine teleost, Spams sarba were acclimated to five 
different salinity regimes (0%o, 6%o, 12%o, 33%o, 50%。）for four weeks and thereafter 
physiological parameters and urea metabolism were studied in order to elucidate the 
euryhalinity and osmoregulatory strategies of the seabream. 
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3.2 Materials and Methods 
3.2.1 Experimental animals 
Silver sea bream, Sparus sarba weighing 136 土 3 g (mean 土 SEM), were obtained 
from local sea cages (33%o) and held in 5 different tanks equipped with recirculating 
filtration system for one week. The salinity during this period was 33%o. Then, the 
salinities in the 5 tanks were either increased to 50%o, or reduced to 12%o, 6%o and 0%o or 
remained unchanged, with salinity at 33%o. The fish were allowed to acclimate for a 
further 4 weeks. Water temperature and pH in the tanks were held between 18-23 °C and 
7.5-8.0 respectively. During acclimation period, water samples were taken from different 
salinity regimes and stored at 4 °C for water chemistry analysis. Fish were fed ad libitum 
daily with diets formulated by Woo & Kelly (1995). Feeding was terminated 24 hours 
prior to sacrifice, after 4-week acclimation. 
3.2.2 Tissue sampling 
Fish were removed from the tanks and blood was taken via a syringe inserted into 
the caudal vessels. The fish were then killed by spinal transection and weighed. Blood 
was allowed to clot at room temperature for 1 hour and centrifuged to obtain serum. Liver 
was then dissected out. Muscle (full flank dorsal to the lateral line) was removed from the 
fish. Tissue and serum samples were quick frozen in liquid nitrogen and stored at - 70°C 
until further analysis. 
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3.2.3 Water chemistry analysis 
Water Na+, Ca++ concentrations were determined using atomic absorption 
spectrophotometry (Hitachi) after dilution of 5 of water sample with 10 ml ofultrapure 
water for Na+ while for Ca++, 10|LI1 of sample was used for dilution. Water CI" 
concentration was determined using a chloridometer (Corning-eel 920) by addition of 20 
}il water to acid buffer. Water ammonia level was measured by the phenate method 
(Eaton et al., 1995). 
3.2.4 Hematological parameters 
Hematocrit (Hct) was determined immediately after blood collection. Total 
hemoglobin concentration (Hb) was quantified by the cyanomethemoglobin method 
(Sigma bulletin No. 525) and red blood cell and white blood cell count (RBC and WBC 
respectively) in a hemocytometer. The mean corpuscular hemoglobin concentration 
(MCHC), the mean corpuscular hemoglobin (MCH), and the mean corpuscular volume 
(MCV) were calculated from the Hct, Hb and RBC by the following formulae (Ganong, 
1985): 
MCHC (g 100 ml-i) = Hb (g 100 ml-1) x 100 
Hct (%) 
MCH (pg) = H b ( g l 0 0 m l - l ) x 1 0 
RBC (106 1-1) 
MCV (fL) = Hct(o/o) X 10 
RBC (106 1-1) 
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3.2.5 Metabolite and electrolyte contents 
Serum Na+, Ca++ concentrations were determined using atomic absorption 
spectrophotometry (Hitachi) using a similar dilution as described in water chemistry 
analyses. Serum CI" concentration was determined using a chloridometer (Coming-eel 
920) by addition of 20 jil serum to acid buffer. 
Serum glucose levels were assessed using a glucose oxidase-peroxidase reaction 
(Sigma bulletin 510). Serum protein was determined according to Hartree (1972) using 
bovine serum albumin (Sigma) as a standard. Serum urea levels were measured according 
to the diacetyl monoxime methods with deproteinisation, as outlined by Rahmatullah & 
Boyde (1980). Serum ammonia levels were determined using glutamate dehydrogenase 
for the reductive amination of 2-oxoglutarate according to Sigma Procedure (Sigma Kit 
171-B). 
3.2.6 Hepatic enzymes activities 
3.2.6.1 Tissue preparation 
Sample was prepared by homogenizing frozen liver tissue in a 1:5 (w:v) solution 
of ice-cold extract buffer (50mM Hepes, pH 7.5，50 mM KCl，0.5 mM EDTA and 1 mM 
dithiothreitol) using an Ultra-turrax homogenizer. Then the samples was subjected to 
brief sonication and centrifuged at 14,400 x g for 10 minutes. The suspension was 
51 
aliquoted and frozen at -70°C for later enzymatic analysis. The protein content of the 
supernatant was measured by the modified Lowry method (Kresze, 1983). Except for 
glutamate dehydrogenase, uricase and allantoinase, the reaction of all enzymes was 
stopped by addition of 10% perchloric acid after a specific time of reaction, centrifuged 
to precipitate out the protein and a perchloric acid-treated system served as a zero time 
control. All enzyme activities were measured at 25 and are expressed as ^mole of 
substrate consumed or product formed per min per g protein. 
3.2.6.2 Carbamyl Phosphate Synthetases (CPSases; E.G. 2.7.2.5) 
CPSase activity was measured as described by Saha et al. (1997). There are 3 
types of CPSase present in fishes: CPSasel, which catalyze the first step of OUC in 
mammalian and amphibian species, utilizes ammonia as nitrogen-donating substrate and 
requires N-acetyl glutamate (NAG) as an activator for reaction; CPSase II consumes 
glutamine instead of ammonia as nitrogen-donating source, is not NAG-dependent, is 
subject to allosteric inhibition by UTP and lastly, the fish-type CPSase III，exhibits 
similar properties of CPSase I，but it utilizes glutamine instead of ammonia. 
The reaction mixture for the assay contained 50mM NaHCOs, 10 mM L-omithine, 
15 mM MgS04, 10 mM ATP and 10 units of ornithine transcarbamylase (Sigma, type IV) 
and tissue extract in a final volume of 0.5 ml. In order to investigate the properties of 
CPSase present in the liver, the reaction mixture also contained either 5mM NH4CI, 25 
52 
mM L-glutamine, 5 mM N-acetyl-L-glutamate (NAG) or/and 1 mM UTP in different 
combinations as follows: 
Components in the reaction mixtures 
CPSase I ‘ NH4CI + NAG 
CPSase II Gin + NAG 
CPSase III Gin + NAG + UTP 
The reaction was started by addition of 100 i^l of sample into 400 i^l of reaction 
mixture and was stopped at 0 min, 30 min and 60 min by addition of 15% perchloric acid. 
Carbamoyl phosphate synthesized by the action of the enzyme, is converted by excess 
ornithine carbamoyl transferase to citrulline. Citrulline formed was determined by 
method described by Moore and Kauffman (1970). The activity of CPSases will be 
expressed as nmoles of citrulline formed per minute per g protein. 
3.2.6.3 Ornithine carbamoyl transferase (OCTase; E.C. 2.1.3.3) 
OCTase activity was determined by the method described by Raijman (1983). The 
amount in ^mol of citrulline formed per unit time is a measure of the catalytic activity of 
OCTase. The assay system consisted of 200 mM triethanolamine，pH 7.6，5 mM L-
omithine, 5 mM carbamoyl phosphate and liver extract with a final volume of 1 m l The 
incubation time for OCTase was 30 min and 60 min. The reaction was stopped by 10% 
perchloric acid. Citrulline formed by OCTase was measured colorimetrically (Ceriotti & 
Spandrio, 1963). Activity of OCTase was expressed as ^moles citrulline formed per min 
per g protein. 
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3.2.6.4 Argininosuccinate synthetase (ASS; E.G. 6.3.4.5) 
The method for quantification of ASS was based on Saha and Ratha (1987). The 
reaction mixture of the assay contained 50 mM potassium hydrogen phosphate, pH 7.0, 3 
mM L-citrulline, 5 mM L-aspartic acid, 10 mM magnesium sulphate, 10 mM ATP. The 
reaction was started by addition of 200 |J1 liver extract into 200 PI reaction mixture and 
incubated for 30 and 60 min. 1ml 10% perchloric acid was used to stop the reaction. 
Decrease in citrulline of the reaction mixtures was measured by the method of Moore and 
Kauffman (1970). Activity of ASS was expressed as citrulline consumed per min per g 
protein. 
3.2.6.5 Argininosuccinate lyase (ASL; E.G. 4.3.2.1) 
The ASL was assayed following the method of Brown and Cohen (1959) as 
modified by Saha et al. (1995). The reaction mixtures consisted of 50 mM potassium 
phosphate, pH 7.3，2 mM argininosuccinate, 20 U arginase and liver extract with a final 
volume of 0.5 ml. The reaction was stopped after 30 min and 60 min by addition of 1 ml 
lOo/o perchloric acid. The arginine synthesized by the ASL was then converted to urea by 
arginase. Urea formed was measured by diacetyl monoxime method (Rahmatullah & 
Boyde, 1980). Activity of ASL was expressed as fimole of urea produced per min per g 
protein. 
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3.2.6.6 Arginase (ARG; 3.5.3.1) 
Arginase activity was determined with the method described by Montero et al. 
(1998). 20 \x\ of liver homogenates was added into 180 |il of solution containing 15 mM 
MnCh and 150 mM glycine and the mixture was incubated at 25°C for 3 minutes. 100 
of incubated mixtures was removed to 200 |nl reaction mixtures (0.25 M arginine and 25 
mM Hepes, pH 9.8). The reaction was stopped at 0, 10 and 20 minutes by addition of 100 
|il 10% perchloric acid. Urea formed was measured by diacetyl monoxime method 
(Rahmatullah & Boyde, 1980). The formation of urea was calculated per unit time 
relative to the protein content of the sample supernatant. 
3.2.6.7 Glutamate dehydrogenase (EC 1.4.1.3) 
Glutamate dehydrogenase activity was measured according to the UV method as 
outlined by Schnmidts (1983). The formation of NAD from oxoglutarate and NADH is a 
measure of the enzyme activity and can be followed spectrophotometrically at 339 nm. 
The following reagents were used: 
Triethanolamine/ EDTA/ CH3COONH4 (TEA, 64.5mM; EDTA, 3.22mM; 
CH3COONH4, 129mM; pH 8.0) 
NADH/ ADP/ LDH (NADH, 6.45mM; ADP, 32.3mM; LDH 65kU/l) 
Reaction mixture (25 parts of TEA/EDTA/ CH3COONH4 solution + 1 part of 
NADH/ADP/LDH solution) 
2-Oxoglutarate (217 mM, pH 6.8-7.0) 
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An appropriate volume of sample was added to 1 ml equilibrated (25�C) reaction 
mixture after which 40 …2-oxoglutarate solution was added. In order to measure the 
non-specific inference, it can be measured separately by substituting the 2-oxoglutarate 
solution by distilled water. The initial O.D. was recorded and again at 0.5, 1, 1.5, 2, 2.5 
and 3 minutes. The mean O.D. increase per minute was used for subsequent calculations 
of enzyme activity; the specific activity ofGDH can be determined by the difference in 
enzyme activity with and without 2-oxoglutarate. The reduction ofNADH was calculated 
per unit time relative to the protein content of the sample supernatant. 
3.2.6.8 Uricase (E.C. 1.7.3.3) 
Uricase was determined by addition of lOjal of liver homogenate into 790 
of reaction mixture (65 M uric acid and 10 mM Tris, pH 9.5) as described by Brown et 
al. (1966). Uric acid consumption rate was measured by the rate of decrease of in 
absorbance at 293nm (for 86.3 |aM uric acid solution has an A293 of 1.0). The reduction 




Assay was based on the method of Raymond and DeVries (1998). The reaction 
mixture contained 25 mM allantoin and 50 mM triethanolamine (TEA), pH 8.2 in a 
volume of 360 |nl. The reaction was started by the addition of 10 i^l liver extract and 
stopped after 0，5 and 10 min by addition of 500 |il 0.5 M HCl followed by incubation at 
1 0 0 � C for 2 min to convert the allantoic acid formed to glyoxylate. The mixture was 
neutralized with 500 i^l 0.5 M phosphate buffer, pH 7.5 and final adjustment to 
approximately pH 7.5 with approximately 20 i^l 10 M NaOH. Then 10 |il 30 mM NADH 
and 30 U lactic dehydrogenase (LDH) were added to the neutralized solution. Conversion 
of glyoxylate to glycolic acid by LDH was measured by the oxidation of NADH, as 
shown by a decrease in absorbance at 340 nm. Activity of allantoinase was expressed as 
moles of NADH consumed per min per g protein. 
3.2.6.10 Allantoicase 
Assay was based on the method described by Raymond and DeVries (1998). The 
reaction mixture contained 10 mM allantoate and 50 mM potassium phosphate, pH 7.4 in 
a volume of 360 |il. The reaction was started by the addition of 30 |il and stopped after 0, 
5 and 10 min by addition of 95 |LI1 10% trichloroacetic acid. After brief centrifugation, the 
supernatant was neutralized with 250 }il 0.5 M potassium phosphate buffer, pH 7.5 and 
adjusted to a final pH of approximately 7.5 with approximately 4 i^l 10 N NaOH. The 
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glyoxylate formed was then measured as in the allantoinase assay. Activity of 
allantoicase was expressed as p.moles ofNADH consumed per min per g protein. 
3.2.7 Statistical analysis 
Values are expressed as mean values 士 standard error of the mean (SEM). The 
groups were then subjected to a two-way analysis of variance to test for significance 
followed by a Student-Neuman-Keuls multiple comparison test (Sigmastat, Jandel 
Scientific) to delineate significance between groups. 
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3.3 Results 
3.3.1 Changes in hepatosmatic index, renal somatic index, muscle water and lipid 
content and hematological parameters in response to different salinity 
acclimation 
Spams sarba were acclimated to 5 different salinity regimes (0%o, 6%o, 12%o, 33%o 
and 50%o) for 4 weeks. No mortality was observed during the experimental period. Water 
chemistry was listed in Table 3.1. 
Hepatosomatic, renal somatic index, muscle moisture and muscle lipid content of 
the seabreams were summarized in Table 3.2. Hepatosomatic index was found to be 
highest in Spams sarba acclimated to 12%o regime but there was no significant difference 
among other treatment groups. Changes in salinity did not affect the renal somatic index 
in Spams sarba. Muscle moisture was increased significantly as the salinity decreased. 
This implies the animal tended to gain water when they adapted to a lower salinity 
environment. Muscle lipid content of sea bream acclimated to 12%o is significantly higher 
than that of freshwater sea bream, and is apparently to be the highest among different 
treatment groups. 
Table 3.3 illustrates the hematological parameters of Spams sarba and it appears 
that there was no significant change in all hematological parameters examined between 
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different treatment groups. Mean corpuscular hemoglobin was apparently elevated in 
Sparus sarba acclimated to 50%o regimes. Propensity towards in 
3.3.2 Changes in serum chemistry in response to different salinity acclimation 
Comparisons of serum Na+，CI", Ca杆，ammonia, urea, glucose and protein levels 
were made between Sparus sarba acclimated to different ambient salinities (Table 3.3). 
The results show that serum Na+，CI" levels declined significantly when the ambient 
salnity fell. Serum Ca++ levels was not significantly changed among different treatment 
groups but apparently exhibited a similar trend observed in serum Na+ and CI: 
Table 3.4 presents serum glucose and protein levels of Sparus sarba acclimated to 
different salinities. Serum glucose concentrations were unchanged but there was a clear 
trend of decreasing serum protein levels as the fish were acclimated to higher salinity. 
Serum ammonia levels were significantly decreased in Sparus sarba acclimated to 
higher ambient salinity (0%o & 6%。〉33%o & SO。/。。； 12%o > 33%o； p<0.05). Results of 
serum urea level suggest a reversal of the trend observed from the results of serum 
ammonia levels. Serum urea level was found highest (2.2 mM) in S. sarba acclimated to 
50o/oo regimes and apparently the serum urea levels elevated as the ambient salinity 
increased. By combining the data of serum ammonia and urea levels, these two major 
nitrogenous end products exhibit a reciprocal relationship during salinity acclimation (Fig. 
3.1). 
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3.3.3 Changes in hepatic ornithine-urea cycle enzyme activities in response to 
different salinity acclimation 
Activites of all OUC enzymes were present in all liver tissues of Spams sarba 
examined (Table 3.4) though very low levels of activity were obtained for carbamoyl 
phosphate synthetase (less than 5 nmoles/ min/ g protein) and argininosuccinate synthase 
(less than 10 nmoles/ min/ g protein). Among the five enzymes in the OUC, arginase had 
the highest levels of activity (14.2 //moles/ min/ g protein). The results suggest that a 
functional OUC may be present in the liver of this species. 
The presence of fish-type CPSases (II & III) in the liver was indicated by a 
significant activation (29-56%) by glutamine. As well, CPSase II is present where a 
moderate inhibition (13-33%) by UTP was found. This less pronounced inhibition by 
UTP and significant levels of OCTase may indicate that CPSase III activity also was 
present in the liver. 
From Table 3.6，changes in levels of OCTase, ASS and ASL were independent of 
variations of ambient salinity. On the other hand, the activity of arginase increased 
markedly as the external salinity elevated. Highest amount of arginase activity was found 
in seabreams acclimated to 50%o. CPSase appeared to exhibit a similar trend although it 
happened to a lower extent. 
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3.3.4 Changes in GDHase and uricolytic enzyme activities in response to different 
salinity acclimation 
Table 3.7 records the changes in the liver GDHase and uricolytic enzyme 
activities in Sparus sarba exposed to different salinity regimes. Activities of GDHase 
were apparently lower in fish living in isosmotic (12%o) and hyposmotic (6%。）regimes. 
Sparus sarba was found to possess the uricolytic pathway for urea synthesis as 
the three enzymes involved in the pathway were present. Elevated level of uricase was 
shown in liver of fish acclimated to 50%o. However, the activity of allantoinase and 
allantoicase were unaffected by acclimation to different salinities. Uricolysis may be the 
major metabolic pathway for ureagenesis in this fish. 
62 
Table 3.1 Chemical composition of water of different salinities. 
Salinity Na+(mM) Cr(mM) Ca^^ (mM) 
oo/oo 1 6 1.3 
60/00 7 5 1 0 1 2 . 8 
12%o 140 172 4 . 7 
33%o 4 6 9 4 9 9 13 .0 
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The salinity tolerance of the seabream (Family Sparidae) is well documented for the 
black seabream (Mylio macrocephalus\ Woo & ^Vu’ 1982; Wu & Woo, 1983; Kelly et al., 
1999), the red seabream (Chrysophys major; Woo & Fung, 1981; Woo & Murat, 1981; 
Wu & Woo，1983)，the silver seabream {Sparus sarba; Wu & Woo，1983; Kelly, 1997) 
and the gilthead seabream {Sparus aurata; Mancera et al., 1993; Altimiras et al., 1994; 
Tort et al., 1994). In general the Sparidae can tolerate a wide range of salinities. The 
silver seabream, Sparus sarba, a natural marine species inhabiting coastal waters, is able 
to survive in hyposmotic environments (5%o for >336h, Wu & Woo, 1983; 6%o for 3 
weeks, Kelly, 1997) and often enters esturaries (FAO, 1974). However, the fish could not 
endure further diminishing of ambient salinity since mortality was observed (LT5o=96h at 
3%o). The present experiment confirms the substantial euryhalinity of Sparus sarba, 
which is capable of enduring a wide range of salinity regimes (50%o to 0%o) for 4 weeks 
without any abnormal behaviour or mortality. Seabream adapted to isosmotic regime 
have higher hepatosomatic index and muscle lipid contents. The results concur the 
observations of minimal metabolism in many euryhaline and marine species (Woo & 
Fung, 1981; Woo & Chung, 1995) adapted to isosmotic salinities, a phenomenon which 
has been attributed to the reduced osmotic work in an iso-osmotic environment (Farmer 
& Beamish, 1969; Frame, 1973). 
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3.4.1 Hematological responses 
During hyper- or hyposmotic adaptation, the response of total blood tissue can be 
reflected by changes in hematological parameters of the circulating system. The 
hematological parameters did not significantly differ in Sparus sarba in response to 
various ambient salinities, but some visible trends can still be seen. In S. sarba, both 
hematocrit values and red blood cells tended to increase after 4-week acclimation to 
lower salinities (6%o and 12%o). In most cases, decrease in external salinity usually results 
in elevations of hematocrit value, as reported in many marine teleosts (Oikari, 1978; Woo 
& Fung，1981; Woo & Wu, 1982; Wu & Woo，1983; Roche et a l , 1989). Wu & Woo 
(1983) had demonstrated the increase in hematocrit values in 13 species of adult marine 
teleosts in response to hyposmotic exposure. The change in hematocrit values reflects a 
change in the number or the volume of the erythrocyte or a variation of the circulating 
volume (Soivio et al., 1973). Similar increase was also found in Myoxocephalus scorpius 
(Oikari, 1978) adapted to hyposmotic environment and the writer speculated the increase 
is probably due to a passive influx of water into erythrocytes. 
Truly there is a coupled decline in osmolality observed in many marine teleost 
species including gilthead seabream (Tort et al., 1994) and black seabream (Woo & Wu, 
1982), during hyposmotic adaptation. The higher osmotic pressure allows more water to 
enter the erythocytes passively and hence increases the cell volume. Indeed, the mean 
corpuscular volume in 6%o-adapted silver seabream is significantly higher than that of the 
seawater controls (Student's /-test, P<0.05). In fish transferred from seawater to 
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freshwater, the red cells showed both greater volume and an increased capacity to change 
shape, as has been shown by Kikuchi et al. (1985) in the salmon. 
However, in Epinephelus akaara and Mylio macrocephalus, the elevations of 
hematocrit value had already started when the salinity was approaching the isomotic 
point (Woo & Wu, 1982). In such cases, increase in cell volume is not the sole cause of 
the elevation of hematocrit value. Indeed, concomitant increases in the haematocrit value, 
total erythrocyte count and blood haemoglobin content were reported in the red sea 
bream, Chrysophrys major adapted to hyposmotic environment (Woo & Fung, 1981). 
Woo & Fung (1981) suggested that this phenomenon was due to the release of more red 
blood cells from the storage organs, probably in an attempt to compensate for the lowered 
oxygen capacity of the hemoglobin molecule in dilute media (Guernsey & Poluhowich， 
1975). The coupled increase in hematocrit value and red blood cell count of 6%o-adapted 
Sparus sarba in the present experiment concurs the above observation, despite the 
relatively unchanged hemoglobin content. But in a more recent experiment, it has shown 
that acclimation to a salinity range of 33-6%o had no significant effect on the oxygen 
capacity in the blood of silver seabream (Wong & Woo, unpublished data). Apparently 
the information obtained from hematological studies suggested there is a change in the 
volume of erythrocyte in response to reduced salinities in Sparus sarba. 
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3.4.2 Muscle moisture content 
Muscle composition and circulating electrolytes and are basic indices that reflect the 
effectiveness of a fish to adapt to a new environment. Changes in muscle moisture have 
had been vastly studied in many marine species, however, the response to osmotic 
adaptation varies in different species. In the American plaice (Hippoglossoides 
platessoides) adapted to 7%o for 42 days, muscle water content had increased by 3% 
(Munro et al., 1995). In 13 species examined by Wu & Woo (1983), 12 out of them, 
including 2 species from Sparidae {Rhabdosarga sarba; silver seabream & Chrysophys 
major), exhibited higher muscle water content when exposed to lower salinity regimes. 
After acclimation to dilute media (5%o & 3%o) for more than 2 weeks, C. major showed a 
significant muscle hydration (4-6%), whilst interestingly, Mylio macrocephalus, another 
seabream, exhibited muscle dehydration. Recent experiment reassured that the black 
seabream exhibited stable muscle moisture content where significant tissue hydration was 
only found in 0%o-acclimated fish (Kelly et al., 1999). 
Sparus sarba studied in the present experiment also exhibited stable muscle 
moisture, with approximately 1% hydration after exposure to 2 hyposmotic salinity 
regimes (0%o & 6%o). This disparity of the ability to maintain a steady state of muscle 
water content reflects the actual capacity of the seabream to adapt to dilute saline 
environments, that is the euryhalinity. . 
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3.4.3 Circulating electrolyte levels 
Kelly (1997) noticed that the muscle moisture content also corroborates the 
conservative electrolyte levels by demonstrating that no signmcant tissue hydration 
appears to have occurred in the silver seabream adapted to 6%o. Circulating electrolyte 
levels also offer measures of the degree of perfection of the homeostatic mechanisms 
after a fish has acclimated to a new osmotic environment. Salinity-induced alterations in 
the circulating electrolytes of euryhaline fish are well documented. Long-term 
acclimation of marine fish to low salinity regimes usually results in minor differences 
between pre- and post-transfer electrolyte levels (Woo & Fung, 1981; Woo & Wu，1982; 
Dutil et al., 1992; Mancera et a l , 1993; Provencher et a l , 1993; Woo & Chung，1995). 
However, in American plaice {Hippoglossoides platessoides), after long-term adaptation 
to 7%o, plasma Na+ concentrations had dropped by 28% below those of the controls (28%o) 
(Munro et al., 1995). In the present study, acclimation to a salinity range of 33-6%o had 
no significant effect on serum Na+ in Sparus sarba but the fish adapted to FW for 4 
weeks exhibited a �130/0 reduction in serum Na+. In spite of this, it is noteworthy for the 
efficient osmoregulatory functions of the silver seabream compared to other marine 
teleosts or euryhaline species. In another seabream, Mylio macrocephalus, after 3-week 
acclimation to 0%o, -19% reduction in Na+ level was observed (Kelly et al., 1999). 
Furthermore, the seabream is a better osmoregulator as far as serum Na+ is concerned, as 
compared to the disparity found in Na+ levels between FW- and SW-adapted euryhaline 
eels (SW levels were � 1 6 4 mM and subsequently fell to � 1 1 7 mM in f reshwater ;�29% 
reduction; Utida et al., 1971)，the disturbance in serum Na+ is much less in the seabream. 
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Despite the conservative Na+ levels, serum CI" levels appear to be significantly 
influenced by the ambient salinity in Sparus sarba. The CI" level significantly declines as 
the ambient salinity decreases and hence results in -20% reduction in FW-adapted S. 
sarba compared to that of SW control. An uncoupling of the typical parallel relationship 
between Na+ and CI" in response to hyposmotic exposure is elusive. This may help to 
explain the discrepancy between serum Na+ and serum osmolality which was observed in 
Epinephelus akaara and Mylio macrocephalus subjected to salinity changes (Woo & Wu, 
1982). Upon hyposmotic exposure, the increase in serum Na+ level was accompanied 
with an unexpected drop in serum osmolality in both species, CI' was generally thought 
to be the second major circulating electrolyte, of which the concentration approaches the 
level of Na+ in the serum. Therefore, variations in CI" may be significant enough to 
influence the osmolality. The mechanism of apparent reduction in serum CI" in 
freshwater-adapted Sparus sarba is not clear, but changes in acid-base functions and 
dynamics of chloride cell morphometry may play a role as postulated by Kelly & Woo 
(1999). Unlike Na+ and CI", serum Ca++ was relatively stable in response to variations of 
ambient salinity although it was apparently lower in seabreams adapted to dilute media. 
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3.4.4 Circulating metabolites levels 
In the experiment, significant hyperglycemia was not observed in Sparus sarba 
acclimated to hypersaline and hyposmotic environments. In general no differences can be 
found in the levels of circulating glucose of seabream fully adapted to low salinity 
environments (Woo & Fung, 1981; Woo & Murat，1981; Woo & Wu, 1982; Mancera et 
al., 1993). However, the hyperglycemic response which was observed in Mylio 
macrocephalus acclimated to 0%o indicated an increase in substrate mobilization that is 
reflected by an elevation in metabolic activity of osmoregulation (Kelly et al., 1999). A 
trend is visible in Sparus sarba as the serum glucose levels apparently elevated when the 
ambient salinity increased or decreased from 33%。，suggesting a higher energetic cost for 
salinity adaptation. 
Diminishing ambient salinity tends to increase protein mobilization in Sparus 
• b a . Serum protein levels were elevated in 6%o and 12%o regimes while lowest level 
was recorded in fish acclimated to 50%o. Elevated serum or plasma protein levels had 
previously been reported in starved red (Chryrosphrys major) and black seabream {Mylio 
macrocephalus) and red grouper (Epinephelus akaara) acclimated to low salinity 
environments (Woo & Murat, 1981; Woo & Wu, 1982). Moreover, liver glycogen is 
generally higher or is depleted at a lower extent in fishes adapted to dilute salinities. 
Based on these evidence, it is strongly suggested there is a reorganization of the 
metabolism, which preferentially yield glucose through degradation of protein in 
response to low salinity acclimation. 
77 
On the contrary, metabolic perturbations such as liver glycogenolysis, 
hyperglycaemia (Bashomohideen & Parvatheswamrao，1972) and elevation of plasma 
amino acid levels (Ahokas & Duerr, 1975) have been reported in euryhaline teleosts 
transferred to hyperosmotic environments. Nordlie (1978) postulated these metabolic 
alterations were related to differential metabolic requirements in different salinities. The 
results obtained from Spams sarba and other species of seabream generally fit the model 
but the universality of it to other marine teleosts requires further work to examine. 
From the results, a reciprocal relationship was found between serum urea and 
ammonia levels of Spams sarba in response to different ambient salinities. Elevated 
levels of serum ammonia were found as the ambient salinity decreases, but a opposite 
trend was observed for serum urea levels. A similar reciprocal trend has also been 
observed in many crustacean and amphibian species during adaptation to hypertonic 
media (Dejours et a l , 1990 & 1993; Chen & Chia，1997). 
Actually there is abundant evidence for aquatic animals to retain osmotically active 
substances, and urea is thought to be the predominant osmolyte involved. Other than the 
ureosmotic elasmobranchs, ionoregulatory crustaceans and amphibians elevate their 
hemolymph/ blood urea levels when they are exposed to hypersalinity of the ambient 
water (Dejours et a l , 1990 & 1993; Chen & Chia, 1997). The results obtained from 
Sparus sarba agree with the positive correlation of serum urea levels qnd the ambient 
salinity, and it is noteworthy that significant higher levels (4.39 mM) of serum urea were 
found in the seabream acclimated to 50%o. In an earlier study by Kelly & Woo (1999), 
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after 6-day exposure to 6%o, Sparus sarba exhibited a significant reduction in serum urea 
levels from the seawater control value. 
According to Wood (1993), the range of blood urea-N levels lies around 1 to 10 mM 
in the marine species of teleosts examined. The contribution of 10 mM urea to the overall 
osmolarity is small when compared to the contribution from the 2 major electrolytes: Na+ 
and Cr. Therefore, it is questionable if the elevated urea level in Sparus sarba is the 
ureosmoregulatory response to acclimation to hyperosmotic regimes. However, apart 
from urea, other metabolites such as amino acid were also found to increase in the blood 
under hyperosmotic stress (Ahokas & Duerr, 1975). The high trimethylamide oxide and 
urea levels contribute significantly to the high osmolarities in Antarctica inhabiting 
teleosts, although it functions to lower the freezing points of the body fluids (Raymond & 
DeVries, 1998). Further studies on the possible contribution of these "additional 
osmotically active substances" to salinity adaptation may help to explain the uncoupled 
relationship between serum osmolality and Na+ concentrations observed in Epinephelus 
akaara and Mylio macrocephalus during hyposmotic adaptation (Woo & Wu，1982). 
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3.4.5 Urea metabolism 
3.4.5.1 Ornithine-urea cycle enzymes 
In the present study, all OUC enzymes appear to exhibit at least trace level activities 
in liver tissue of Sparus sarba, an observation which corroborates those observations of 
Huggins et al. (1969) and Felskie et al. (1998) on other teleost species. The levels of the 
OUC enzymes, however, are very low if compared to those levels found in ureagenic and 
ureotelic teleost species such as tilapia of Lake Magadi {Oreochrmois alicalus\ Randall et 
al.，1989; Wood et al” 1994; Wood et al” 1995)，toadfish (Read, 1971; Mommsen & 
Walsh, 1989) and Indian air-breathing fish (Saha & Ratha, 1987 & 1989; Saha et al , 
1999). The authors postulated that apart from these unusual teleosts, teleosts apparently 
keep the genes for expression of all OUC enzymes. However, the possible role of these 
genes and inactive OUC is not known. Active ureagenesis from the OUC was detected in 
early life stages in several teleosts including the rainbow trout {Oncorhynchus my kiss., 
Chadwick & Wright, 1999; Wright et al , 1995; Korte et a l , 1997). Wright (1998) 
suggested that the retention of genes of OUC enzymes may serve for ammonia 
detoxification due to ammonia accumulation during early life stages and the cycle 
becomes inactive and non-functional in adults . 
The low levels of the OUC in liver do not preclude the existence ofhigh urea cycle 
activities in other tissues or involving more than one tissue (Felskie et al., 1998). In 
mammalian species, CPSase I and OCTase activities are present in intestinal tissues, but 
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the citrulline formed is converted to urea elsewhere (Jones et al., 1961; Raijman, 1974). 
There is growing evidence showing that extrahepatic tissues may have significant levels 
of the CPSase III and/or other OUC enzymes (Iwata et al., 2000; Lindley et al., 1999). 
3.4.5.2 Carbamoyl phosphate synthetase isozymes 
Another objective of the present experiment was to assay liver extract under 
different conditions that would permit identification of CPSase II and CPSase III in the 
silver seabream. Earlier studies reported on CPSase activities (Huggins et a l , 1969; 
Wilson，1973) did not allow the separation of the 2 forms of CPSase of which the 
locations and roles are completely different. Mommsen and Walsh (1989) reported the 
presence of CPSase III in bowfm liver simply on the basis of higher activity with 
glutamine than ammonia, but they did not study the effect of AGA and UTP. Felskie et 
al. (1998) had re-examined the CPSase activities in 4 fishes investigated earlier by 
Huggins et al. (1969). By subcellular fractioning method and investigation on the effect 
of AGA and UTP, the study revealed that there was no or low levels of OUC-related 
CPSase III in liver of the fishes and the CPSase activity reported by Huggin et al. (1969) 
was apparently attributed to the pyrimidine nucleotide pathway-related CPSase II. 
Low levels of CPSase were detected in the liver extract oi Sparus sarba adapted to 
various salinity regimes. Bascially, the hepatic CPSases of the silver seabream exhibit 3 
characteristics: (1) moderate levels of activation in CPSase activity (29-56%) when 
glutamine substitutes ammonia as the nitrogen donor, and (2) presence of slight inhibition 
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by UTP, and (3) capable to utilize ammonia as substrate. Significant glutamine-
dependent CPSases was found in the liver extract of Sparus sarba, which indicates the 
presence of the isozymes CPSase II and CPSase III activities. Inclusion of glutamine in 
the assay mixture results in higher levels of CPSases activities in liver extracts of spiny 
dogfish {Squalus acanthi as; Watts & Watts; 1966), two species of toadfish (Mommsen & 
Walsh, 1989) and largemouth bass {Micropterus salmoides-, Casey & Anderson, 1983) 
than those with ammonia. 
The degree of UTP inhibition (less than 33%) detected in S. sarba is significantly 
lower than those of 3 teleost species (83-95%) reported by Felskie et al. (1998). In the 
air-breathing teleost, Heteropneustes fossilis, no inhibition by UTP was found for the 
CPSase activity in the mitochrondria fraction (where CPSase III locates) while marked 
inhibition was observed in the cystosolic fraction (where CPSase II locates) (Saha et al , 
1997). Under the same assay conditions and UTP concentration as used by Saha et al. 
(1997), the relatively lower UTP inhibition suggested that the activity of CPSase present 
in the liver of silver seabream is mostly attributed to CPSase III. The existence of CPSase 
III can be further supported by the rather high levels of OCTase activity detected in the 
seabream liver extract. 
Besides, significant activity of ammonia-dependent CPSases was detected in the 
liver extract of Sparus sarba, which is comparable to the activity with glutamine and 
UTP as substrate. This ammonia-dependent CPSase activity in S. sarba resembles the 
properties of CPSase I activity, which was not observed in other teleostean species. 
* 
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Table 3.8 Activity of CPSase in liver of seawater-adapted Sparus sarba and 
Heteropneustes fossilis (Saha et al., 1997) in the presence of different nitrogen-donating 
substrates, NAG and/or UTP 
Sparus sarba*"^ Heteropneustes fossilis 
Mitochondrial fraction Cytosolic fraction 
NH4CI+ NAG U O 3A\ O ^ 
NH4CI+NAG+UTP N.D. 3.00 0.33 
Gin + NAG 1.63 2.2 2.34 
Gin + NAG + UTP 1.29 2.31 0.41 
N.D. denotes for "Not determined" in the present experiment. 
* Values are presented as mean. S.E.M. values were not adopted from the reference, 
t Enzymatic activities of Sparus sarba are expressed as nmol citrulline- g protein"^-min'^ 
^ Enzymatic acitivities of H. fossilis are expressed as /miol citrulline • g wet wf^-h' '. 
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Similarly, an unexpected CPSase I-like activity (ammonia- and NAG-dependent) was 
found to be present at levels higher than the CPSase III activity (glutamine- and NAG-
dependent) in the mitochondrial fraction of both liver and kidney of Heteropneutes 
fossilis (see comparison in Table 3.8, Saha et al , 1999). The effect of UTP on ammonia-
dependent CPSase activity has not been studied in Sparus sarba, but from apparent 
evidence in H, fossilis, the activity is not located in the cytosolic fraction and is not 
inhibited by UTP. The presence of both CPSase I-like and CPSase III activities again 
corroborates the scenario of evolution from CPSase III to CPSase I in higher vertebrates 
(Griffith, 1991; Anderson, 1995). The gene of the dogfish CPSase III has a high degree of 
sequence similarity with CPSase I and with other CPSases and likely has a domain 
structure similar to that of other CPSases (Hong et al” 1994). Saha et al. (1997) 
postulated there would be a duplication of the CPSase III gene and one of the genes 
subsequently lose the function to utilize of glutamine as substrate. Alternatively, perhaps 
the observed CPSase I-like activity is due to an adapted form of CPSase III with separate 
ammonia and glutamine binding sites. 
The current tools used for the analysis of CPSase subtypes, include compounds such 
as NAG and UTP, showed that their effects appear to be significantly altered by the assay 
condition. For instance, Anderson (1989) revealed that the degree of UTP inhibition on 
CPSases is largely dependent on the concentration of ATP in the assay system and this 
dependency varies with species. Besides, the effect of NAG on CPSase III is also largely 
affected by the levels of glutamine and MgATP in the assay mixtures and also varies with 
species. It is almost impossible to perform a precise quantitation of the units of individual 
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isozymes of CPSase by assaying crude extracts unless the enzymes are first separated and 
the basic kinetic properties are determined. The prevailing technique used to separate the 
isozymes is subcellular fractionation (Saha et al., 1997; Saha & Ratha, 1999; Felskie et 
al., 1999) and gel filtration chromatography (Anderson & Walsh, 1995; Terjesen et al., 
2000). Some recent studies switch their approach to the molecular level, at which CPSase 
III mRNA expression and cloning of CPSase III gene were investigated (Hong et al., 
1994; Iwata et al., 2000; Kong et al., 1998 & 2000; Korte et al., 1997). 
3.4.5.3 Uricolytic pathway and argininolysis 
In ammoniotelic teleosts, urea is primarily produced from uricolysis (Forster & 
Goldstein, 1969; Wood, 1993) and argininolysis (Wood, 1993). From the results obtained, 
despite a high level of arginase activity, the levels of other OUC enzymes generally 
remained low in liver oi Sparus sarba. As such, the hepatic arginase activity is apparently 
independent of the OUC, which utilizes arginine from diets or other arginine synthetic 
pathway. It appears that hydrolysis of arginine is an important reaction for urea synthesis 
in the silver seabream. 
Significant levels of uricase, allantoinase and allantoicase are also present in the 
liver tissue of Sparus sarba. In addition to supporting the presence of hepatic pyrimidine 
nucleotide pathway-related CPSase II (discussed in 2.4.4)，it further supports the 
existence of a uricolytic pathway in Sparus sarba. In uricolytic pathway of Sparus sarba, 
the rate determinant step appears to be allantoicase and urea synthesized from uricolysis 
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is around 1.18 to 1.3 辦ol.urea g protein'^-min"' (one mole allantoicate can produce 2 
moles urea). The urea production from uricolytic pathway may be less significant than 
from argininolysis, although the production is already much higher than that from OUC. 
3.4.5.4 Influence of salinity on urea metabolism 
In general, ureosmotic fishes, such as elasmobranchs and coelacanths, synthesize 
urea required for osmoregulation via the active OUC (Brown & Brown, 1967; Schooler et 
al., 1966). The OUC present in Sparus sarba is not influenced by environmental salinity 
and low levels of these enzymes cannot generate adequate amounts of urea for 
ureosmotic regulatory purpose. In elasmobranchs, the situation is more clearcut. 
Poroderma africanum (Haywood, 1973，1974) and Hemiscyllium plagiosum (Wong & 
Chan, 1977) are able to change their biosynthetic rates in order to adjust their plasma urea 
in response to ambient salinity changes. Therefore, the OUC cycle in the seabream may 
not play any role for osmoregulation. 
However, elevated levels of arginase were detected in liver extract of 50%o- and 
33%0-adapted Sparus sarba. The hepatic arginase activity in 50%o-adapted fish was 2-fold 
higher than that adapted to freshwater. Furthermore, highest level of uricase activity was 
measured in the 50%o-adapted silver seabream. Sparus sarba appears to exhibit a higher 
ureagenic capacity in response to hypersaline environment. This may explain the 
significant elevation of serum urea level in 50%o-adapted silver seabream. 
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3.4.6 Conclusion 
Spams sarba exhibited a high degree of euryhalinity. The fish is found to be 
capable of maintaining stable muscle moisture, circulating electrolytes and hemological 
parameters. OUC and uricolysis were detected in liver of silver seabream in all salinity 
regimes. Further experimental work is required to fully elucidate the role of these 
ureagenic pathways in the overall N-metabolism of the seabream. 
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CHAPTER 4 
EFFECT OF SALINITY ON NITROGEN 
EXCRETION OF SPARUS SARBA 
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4.1 Introduction 
The effect of changes in environmental salinity on nitrogen excretion has been 
intensively investigated in elasmobranchs (Goldstein et al., 1968; Haywood, 1973 & 
1974; Payan et al., 1973) and coelacanth (Griffith et al , 1976). In contrast to these 
ureosmotic fishes, there were few reports on this topic in teleost species (Sayer & 
Davenport 1987; Gordon et al., 1965). Moreover, the results obtained teleostean species 
are contradictory. All this available information is focused on amphibious teleosts 
inhabiting the intertidal zones. Their life history and physiology are largely different from 
those of pelagic marine teleosts. In ureosmotic elasmobranchs, diminishing ambient 
salinity generally results in increases in renal urea clearance and subsequently decreases 
in tissue urea levels (Goldstein et al., 1968; Payan et al., 1973). Wright et al. (1995) 
postulated that if urea is involved in osmoregulation in fish, then one would expect an 
initial increase in urea excretion, resulting in a decrease in tissue urea levels, in response 
to dilute seawater exposure. One objective of the present experiment is to examine this 
hypothesis by investigating the nitrogen excretion of the marine teleost, Sparus sarba 
exposed to 6%o-seawater for 24h (acute) and 4 weeks (chronic). 
Another aim of the study is to investigate the possible routes of ammonia 
excretion in S. sarba. The Na+-channel blocker, amiloride is adopted to study whether the 
Na^-coupled NH4+ (Na+/NH4+) exchange is present in silver seabream (Kerstetter & 
Keeler, 1976; Payan, 1978; Wilson et al., 1994; Wright et al., 1989; Randall et a l , 1999). 
The inhibitory effect of amiloride on ammonia excretion had been reported in freshwater 
teleosts but in recent studies, there was accumulating evidence to show that inhibition is 
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due to decrease in proton extrusion by the H+-ATPase (Lin et al., 1994, Sullivan et a l , 
1995). Wilkie (1997) pointed out that decrease in proton efflux would result in increase 
in gill boundary pH, which might retard protonation of NH3 to NH%. Subsequent 
accumulation of NH3 in the gill boundary layer may occur and decrease the blood-to-
water gradient of NH3. It is with this background that the effect of amiloride exposure on 
nitrogen excretion is investigated in 6%o- and 33%o-adapted silver seabream. Lastly, the 
effect of elevated body ammonia and urea levels on nitrogen excretion is also studied and 
the results will be discussed in context. 
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4.2 Materials and Methods 
4.2.1 Experimental animals 
Silver sea bream, Sparus sarba weighing 261 土 12 g (mean 土 SEM), were 
obtained from local sea cages (33%o). The fish were acclimated in 30-L glass tanks 
containing 33%o seawater for one week before initiation of the experiments. Then, the 
salinities in the tanks were either reduced to 6%o or remained unchanged, with salinity at 
33%o. The fish were allowed to acclimate for a further 4 weeks to these salinities. Water 
temperature and pH in the tanks were held between 19-23 °C and 7.5-7.9 respectively. 
Fish were fed ad libitum daily with diets formulated by Woo & Kelly (1995). After 4-
week acclimation, feeding was terminated 3 days prior to experimentation to ensure that 
nitrogenous excretion was unaffected by specific dynamic action (Jobling, 1981). 
Fish were then transferred to 10-L perspex boxes containing either 8 L of 33%o 
seawater or 6%o seawater. The fish were acclimated to the experimental environment for 
24 h. Before experimentation, water was replaced to prevent accumulation of ammonia 
which would suppress both urea and ammonia output (Sayer & Davenport, 1987). Water 
temperature and pH were kept around 20-23 °C and 7.6-7.8 respectively. The tanks were 
supplied with continuous aeration during the whole experimental period. 
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4.2.2 Experimental protocol 
Five series of experiments were conducted: 
1) A control experiment was performed, in which net ammonia and urea 
(jn�rea) cxcretion of 6%o- and 33%o-acclimated Sparus sarba (n=7) was determined 
over a 6h period and 24h period respectively. To determine net excretion rates, 5 ml 
of water samples were collected (volume not replaced), frozen, and later analysed for 
urea and ammonia concentrations. 
2) An abrupt hyposmotic transfer experiment was conducted in which seabream 
acclimated to 33%o seawater were subjected to an acute low salinity (6%o seawater) 
and and J"®^ urea wcrc determined. The seabream were firstly immersed in a 
black box with 33%o seawater and 产日誦 and 产 隱 were measured at 1，3, 6 and 24h 
after confinement. Then the ambient salinity was quickily adjusted to 6%o by flushing 
5%o seawater through the black box and and J"®^ urea of the seabream were 
measured at 1, 3, 6 and 24h post-transfer. Thereafter, J"®^ urea was monitered for 
another 24h period. Water samples were taken at Oh, Ih, 3h, 6h and 24h for the 33%o-
seawater and 6%o seawater periods and kept frozen for later analysis of ammonia and 
urea concentrations. 
3) The effects of amiloride on f^\rnm and J"®^ urea of Sparus sarba (n=7) in different 
salinity regimes were investigated. Amiloride was shown to inhibit branchial Na+ 
uptake in intact freshwater animals such as fish (Kirschner, 1973; Randall & Perry， 
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1981; Wilson et al” 1994; Randall et al., 1999). Net excretion rates were monitored 
for 3h and the water was drained and equal volume of water contiaining 0.1 mM 
amiloride was added. Net excretion rates were monitored for another 3h. The fish 
were allowed to recover in amiloride-free water for 3h and net excretion rates were 
monitored for further 3h. Water samples were collected at Oh, Ih and 3h for all 
periods for later analysis of urea and ammonia concentrations. 
4) The effect of elevated internal urea level on J"''urea of Sparus sarba (n=7) in different 
salinity regimes was investigated. Net excretion rates were measured in an initial 3h 
control period and another 3h period after an intraperitoneal urea injection (1500 
^imole/ kg). Water samples were collected at Oh and 3h for all periods for later 
analysis of urea concentration. 
5) The effect of elevated internal ammonia levels on J "�爪爪 of Sparus sarba (n二7) in 
different salinity regimes was studied. Net excretion rates were measured in an initial 
3h control period and another 3h period after an intraperitoneal NH4CI injection (200 
^imol / kg). Water samples were collected at Oh and 3h for all periods for later 
analysis of ammonia concentration. 
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4.2.3 Determination of net ammonia and urea excretion rates 
Water ammonia concentrations were measured with the phenate method (Eaton et 
al., 1995) and urea levels by the diacetyl-monoxime method (Rahmatullah & Boyde, 
1980). Net ammonia-N and net urea-N (.r'^ u^rea) excretion rates were calculated as 




Where Tj and Tf denotes the initial and final concentrations of water ammonia or urea in 
mol/ kg/ h, V is the volume of the system in liters, T is the elapsed time in h, and W is the 
weight of the fish in kg. 
4.2.4 Statistical analysis 
Values are expressed as mean values 土 standard error of the mean (SEM). 
Student's paired t-test (Sigmastat, Jandel Scientific) or one way repeated measures 
analysis of variance (one way RM ANOVA) was employed to test for significance of 
differences between mean values of control, treatment and/or recovery groups (p <0.05). 
Student's t-test was used to delineate the difference between mean values of different 
salinity regimes (p<0.05). 
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4.3 Results 
4.3.1 Net ammonia-N and urea-N excretion rates 
Net ammonia and urea excretion rates in Sparus sarba acclimated to 33%o and 
6%o are shown in Table 1. Net ammonia excretions rates were apparently unaffected by 
ambient salinity. Fish lived in seawater tended to have a higher 产 嶋 than those lived in 
6%o regime. As in most teleosts, majority of nitrogen wastes were excreted as ammonia, 
with approximately 12-17% of total nitrogen (ammonia + urea) excreted as urea. In those 
seawater-adapted seabream, J"®'urea accounted for 17% of total excretion which is higher 
than that of 6%o-adapted seabream. 
4.3.2 Changes in net ammonia-N and urea-N excretion rates in response to abrupt 
hyposmotic exposure 
Fig. 4.1 shows that significantly increased (< 24h) after an acute exposure 
to 6%o seawater. Similarly, J"®'amm was also markedly stimulated when exposed to diluted 
seawater. 
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4.3.3 Changes in net ammonia-N and urea-N excretion rates after exposure to 
amiloride for 3 hours 
The effects of amiloride on ammonia excretion of Sparus sarba are shown in Figs. 
4.3 and 4.4. In 6%o-acclimated fish, upon exposure to ambient amiloride, 63% of 
ammonia excretion was inhibited. Following return to amiloride-free environment, 
recovered to control excretion rates. was not affected by ambient amiloride in 
33%0-acclimated fish, but it significantly increased in recovery period, as illustrated in 
Fig. 4.4. jne^ urea exhibited a significant decline after exposed to ambient amiloride in 6%o 
acclimated seabream and the J"^ 'urea could not recover to the pre-exposure levels after 
return to amiloride-free water. There was no significant effect of amiloride on of 
Sparus sarba in 33%o environment. 
4.3.4 Changes in net urea-N excretion rates in response to elevated body urea levels 
The effect of a single urea injection (2 mmol/kg) on J"®^ urea in Sparus sarba was 
shown in Fig. 4.6. J"®^ urea was markedly increased by 2 fold in all treatment fish. After 
chronic urea injection, seabream living in 33%o environment exhibited a significantly 
higher 广‘陽(164 jimol/ kg/ h) over those living in 6%o (95 |imol/ kg/ h). 
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4.3.5 Changes in net ammonia-N excretion rates in response to elevated body 
ammonia levels 
The effect of a single ammonia injection (1 mmol/ kg) on in Sparus sarba 
was summarized in Fig. 4.7. After ammonia injection, a marked stimulation of 
(100%) was found in all seabreams. However, there is no significant difference in 
between the same treatment groups in the two different salinities. 
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Table 4.1 Net ammonia-N excretion rates amm), net urea-N excretion rates (J"®' urea) in 
Sparus sarba acclimated to 33%o and 6%o for 4 weeks. 
6%o 330/00 
(n=6) (n=7) 
Net ammonia-N excretion rates* 399 ±51 369 ±58 
Net urea-N excretion rates* 45.3 ± 1.2 64.2 土 9.5 
Total nitrogen excretion rates^ 444 ± 51 433 ± 60 
Percentage of J"'' urea to total nitrogen U .8 ± 1.7 17.3 土 2.8 
excretion (%) 
* Values are shown as mean 土 SEM (/miol-N/ kg/ h). 
^ Total nitrogen excretion = net ammonia excretion + net urea excretion 
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Fig. 4.1 Net urea excretion rates in Sparus sarba after abrupt transfer from 
33%o to 6%o (n=7). Control was made when fish were held in 100% 
seawater. * Significant difference between seawater and after abrupt 
hyposmotic transfer at p< 0.05 (Student's paired 广test). 
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Fig. 4.2 Net ammonia excretion in Sparus sarba after abrupt transfer from 
33%o to 6 % o ( n=7) . * Significant difference between control and after abrupt 
hyposmotic transfer at p< 0.05 (one way RM AN OVA).十 Significant 
difference between Ih-post-exposure and 3h- and 6h-post-exposure 
jnetamm at p< 0.05 (One Way RM ANOVA). 
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Fig 4.3 Net ammonia-N excretion rates in Sparus sarba exposed to 6%o seawater with 0.1 
mM amiloride for 3h. Control and recovery measurements were made when fish were 
held in 6%o without amiloride (n=7). * Significant difference from control and recovery 
ammonia excretion rates at p< 0.05 (Student's paired /-test). 
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Fig 4.4 Net ammonia-N excretion rates in Sparus sarba exposed to seawater 
(33%o) containing 0.1 mM amiloride for 3h. Control and recovery 
measurements were made when fish were held in seawater without amiloride 
(n=7). ab Significant difference between values with different superscript at p< 
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Fig 4.5 Net urea-N excretion rates i n � p a m s arba exposed to o%o-seawater 
(black) and seawater (grey) containing 0.1 mM amiloride for 3h. Control and 
recovery measurements were made when fish were held in or 6%o-seawater 
seawater without amiloride (n=7). a: Significant inhibition of of 6%o-
adapted fish after exposed to 0.1 mM amiloride (p< 0.05; Student's paired t-
test). b & c: Significant difference between of 6%o-adapted fish and 
seawater-adapted fish in the same treatment (p<0.05; Student's /-test). 
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Fig. 4.6 Effect of elevated urea levels (0.2 mmole urea/ kg) on net urea-N 
excretion rates (J"^ u^rea) in Sparus sarba acclimated to 33%o (grey bars) and 6%o 
(black bars) (n = 7). No treatment was done to the control group while the sham 
group was made by injection of saline, a: of 6%o-acclimated fish was 
significantly elevated after urea injection (Student's paired /-test); b: J"®^ urea of 
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Fig. 4.7 Effect of chronic ammonia injection (1 mmole NH4CI/ kg) on net 
ammonia-N excretion rates in Sparus sarba acclimated to 33%o (grey bars) and 
6%o (black bars) (n = 7). Control group was made by injection of saline. * 




4.4.1 Influence of environmental salinity on net ammonia-N and urea-N excretion 
rates 
Very few studies focused on the influence of ambient salinity on nitrogen 
excretion and the available data appeared to be contradictory. As most teleosts, majority 
of nitrogen wastes of Sparus sarba is excreted as ammonia, with approximately 12-17% 
of total nitrogen (ammonia + urea) excreted as urea. The relative percentage of urea 
excretion in S. sarba is certainly comparable to other ammoniotelic teleosts (see Table 
2.2). In those seawater-adapted silver seabreams, J"''urea accounted for 17% of total 
excretion, which is slightly higher than 12% in the fish adapted to 6%o for 4 weeks. Net 
ammonia excretions rates were apparently unaffected by ambient salinity. After 4-week 
exposure to 6%。，Sparus sarba only exhibits a minor modification in nitrogen excretion, 
with a slightly decline 广丈隱 which is probably due to the apparent lower levels of 
argininolysis and uricolysis in silver seabream adapted to hyposmotic environments. 
Elevated levels of J"'^ urea after acute hyposmotic transfer (<24h) may be probably 
. d u e to (1) an increase in ureagenesis, (2) an rapid osmoregulatory strategy to lower the 
body urea concentration and/or (3) an increase in gill permeability to non-electrolytes. 
Kelly and Woo (1999) reported a significant elevation of serum urea and Cortisol levels in 
Sparus sarba after Ih abrupt hyposmotic exposure. The authors suggested the 
ureagenesis may have played a role for elevated level of serum urea. In Cortisol treated 
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sea raven {Hemitripterus americanus Gmelin; Vijayan et al., 1996), plasma urea 
concentrations and the activity of key OUC enzymes were increased. The present study 
had revealed Sparus sarba is able to synthesize urea from the functional OUC and 
uricolysis. The change in urea synthesis rates, however, would have had to be relatively 
rapid (<lh), elevations in serum urea levels (Kelly & Woo, 1999) and J'^ urea are unlikely 
due to an increase in ureagenesis. 
To the best of my knowledge, the second possibility has only been studied in 
teleosts by Wright et al. (1995). Results obtained from the tidepool sculpin (Oligocottus 
macuhsus; Wright et a l , 1995) showed that acute (2h) exposure to 50% seawater 
significantly increased J"'Vea (2.8-fold) but returned to the seawater level after 1 
week. As Wright et al. (1995) postulated before the experiment, if urea is involved in 
osmoregulation in fish, then one would expect an initial increase in urea excretion, 
resulting in a decrease in tissue urea levels, in response to dilute seawater exposure. 
Reduction of blood and body tissue urea in response to hyposmotic adaptation had been 
reported in elasmobranches. This adjustment is achieved solely by increase in renal 
clearance rates (Goldsteinet al., 1968; Goldstein & Forster, 1971; Payan et a l , 1973). 
Indeed, after Ih post-hyposmotic exposure peak, the serum urea concentrations in 
Sparus sarba started to decline and is lower than the seawater control levels after 24 h 
post-hyposmotic exposure (Kelly & Woo，1999). In present study, the increase in f ^ r e a 
observed in first 24h post-exposure concur the changes in serum urea levels as reported 
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by Kelly and Woo (1999)，therefore it suggests there would have an increase in renal 
clearance rates of urea or gill urea permeability. 
By combining the data obtained from the present study and those of Kelly and 
Woo (1999), an adaptive role of urea in response to hyposmotic adaptation in Sparus 
sarba can be summarized here. Upon hyposmotic exposure, urea is being mobilized from 
body tissue as reflected by the transient increase in circulating urea levels in S. sarba 
(Kelly & Woo, 1999). Then it is followed by an initial increase in urea excretion (24h) 
and consequently results in a significant decline in circulating urea levels (Kelly & Woo, 
1999). After 4-week acclimation period, the 6%o-adapted silver seabream exhibited lower 
serum urea levels and J"®^ urea than the seawater-adapted fish. Although the findings in 
Sparus sarba generally obey the criteria postulated by Wright et al. (1995), the serum 
level of urea in Sparus sarba is at least 2 orders of magnitude lower than that in 
elasmobrachs, so that, the contribution of urea alone to osmoregulation appears to be 
insignificant. 
The third explanation is proposed by Wright et al. (1995), which appears to be 
happened in the tidepool sculpin {Oligocottus maculosus). Gill permeability to small 
nonelectrolytes, such as urea, was higher in freshwater-adapted eels and rainbow trout 
than those adapted to seawater (Masoni & Payan, 1974; Isaia, 1982). The mechanism of 
increased gill permeability may be due to changes in gill membrance phospholipid 
composition (Zwingelstein, 1980). Zwingelstein revealed that incorporation of more 
sphingomyelin in gill epithelial membranes of saltwater-adapted fish, decreases the 
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permeability of molecules that passively diffuse across the membrane. These short term 
changes in gill permeability of molecules may be attributed to the elevated levels of 
circulating catecholamines. The permeability of the gill to small hydrophilic molecules, 
including water and urea is markedly enhanced by epinephrine (Isaia et al., 1978). The 
response of Sparus sarba generally fit in the postulation but the possible role for 
increased gill permeability to urea during short term hyposmotic exposure, however, 
again does not elucidate in S. sarba and O. maculosus . 
The prevailing pathway for ammonia excretion in freshwater teleosts is as a 
nonelectrolyte (NH3), so if there is an increase in gill permeability to urea and other 
nonelectrolytes, then there would be also an increase in was markedly 
stimulated when Sparus sarba was abruptly transfer from seawater to 6%0-seawater. 
Another explanation for increased is probably related to stress associated catabolic 
events, which was demonstrated by Chan & Woo (1978). 
4.4.2 Effects of amiloride on nitrogen excretion 
Experiments with the Na+ channel blockade, amiloride, appear to support the 
Na+/NH4+ exchange hypothesis because amiloride not only reduces Na+ uptake, but 
simultaneously inhibits Jamm (Kerstetter & Keeler，1976; Payan, 1978; Wilson et al” 
1994; Wright et al., 1989; Randall et al., 1999). Significant inhibitory effect (63%) of 
amiloride on ammonia excretion was also observed in Sparus sarba acclimated to 6%o 
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regimes. Following return to amiloride-free environment, recovered to control 
excretion rates, and this evidents a reversible inhibition. These results corroborate the 
existence of Na+-coupled/ NH4+ exchange at the apical membrane. 
However, amiloride does not only reduce J^'jp in other freshwater epithelia (e.g., 
frog skin), it also inhibits H+ extrusion by the electrogenic apical H^-ATPase (Harvey, 
1992; Potts, 1994) which may be present in the gills of many freshwater fishes. It also 
results in marked changes in apical membrane potential that inhibit H+ extrusion by the 
electrogenic apical H+-ATPase, which is present in the gills of many freshwater fishes 
(Lin et al., 1994; Sullivan et al., 1995). Accordingly, by indirectly reducing proton efflux 
into the gill water, the observed reductions in Jamm following amiloride treatment in the 
experiments (Kerstetter & Keeler, 1976; Payan, 1978; Wilson et a l , 1994; Wright et a l , 
1989; Randall et a l , 1999) and 6%0-adapted silver seabream might be explained by 
reductions in NH3 diffusion trapping by actively extruded protons, rather than inhibited 
Na+/NH4+ exchange (Wilkie, 1997). Similarly, the reductions in Jamm, following 
inhibition of branchial carbonic anhydrase with acetazolamide (Kerstetter et a l , 1970; 
Payan，1978)，might be also be explained by reductions in internal proton supply for H+-
ATPases. In fact, Kerstetter et al. (1970) were amongst the first to suggest that J a _ likely 
. t a k e s place as NH3, with NH3 acting as a "proton trap", by accepting H+ ions that are 
excreted via Na+ZlT exchange or H+-ATPase generated through CO2 hydration in the gill 
water. Existence of vacuolar-type H+-ATPase in freshwater or hyposmotic conditions, 
though being well known in rainbow trout, is doubtful in the seabream. 
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In contrast, was not affected by ambient amiloride in 33%o-acclimated fish. 
Similar experiments in other marine fishes are also without affect (Evans et al., 1979; 
Evans & More, 1988). In more recent studies, addition of amiloride to highly buffered 
waters, in which gill water acidification is likely negligible, exert no effect on Jamm- For 
instance, despite amiloride-induced drops in J^^n approaching 90%, Jamm is unaffected by 
amiloride treatment in freshwater buffered with HEPES (Wilson et al., 1994). As such, 
the buffering capacity of seawater may be much higher compared to 6%o-seawater. 
Similarly, Na+/NH4+ exchange is likely absent in the high pH tolerant Lahontan cutthroat 
trout, in which Jamm is unaffected by amiloride treatment, in Pyramid Lake's well-
buffered waters (Wright et al., 1993). Lack of evidence supports the presence of 
Na+ZNH/ in the seawater-adapted Sparus sarba. 
jneturea exhibited a significant decline after exposed to ambient amiloride in 6%o-
acclimated seabream and the could not recover to the pre-exposure levels after 
return to amiloride-free water. There was no significant effect of amiloride on J"®^ urea of 
Sparus sarba in 33%o environment. The irreversible effect of amiloride on in 6%o-
adapted seabream suggests urea excretion is a carrier-mediated process. 
‘ Amilorde-sensitive urea transport was found in the epithelia of skin and urinary 
bladder of salt-adapted amphibians (Dytko et al., 1995; Hardy 1985; Lacoste et al” 
1991). Besides, there is growing evidence for the existence of carrier-mediated urea 
transport in the gill of teleostean species. Wood et al. (1998) reported that pulsatile urea-
N excretion observed in the gulf toadfish, Opsanus beta, is caused by the periodic 
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activation of a facilitated urea transporter in the gills, which is similar to the vasopressin-
regulated urea transporter in the mammalian kidney. In the latest study on the ureotelic 
Magadi tilapia {Alcolapia grahami), a 1700 base pair cDNA of its urea tranporter (mtUT) 
was cloned and northern analysis using a portion ofmtUT as a probe has revealed that 
expression of mt UT RNA is found in the gill (Walsh et al., 2001). Furthermore, urea 
transport of the alkaline-lake-adpated tilapia was inhibited by classic inhibitors of 
mammalian and piscine urea transporters (thiourea, N-methylurea and acetamide). 
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4.4.3 Effect of increased body ammonia on ammonia excretion 
Subsequent reports that Jamm is significantly depressed in toadfish, as well as in 
dogfish pups, exposed to Na+ free water, tends to suggest that Jamm is partially dependant 
upon Na+ as a counterion (Evans, 1982). If this is true, the low Na+ concentration present 
in 6%0-seawater may exert a similar effect on J 删 too. One would expect the extent of 
stimulation on by ammonia injection is lower in Sparus sarba adapted to 6%o 
because low [Na+] does not favor the excretion of NH4+ via the Na+-coupled/ NH4+ 
exchange. In fact, there is no difference between the Jamm of 6%o_ and 33-adapted S. sarba 
which denies the direct coupling relationship between Na+ uptake and f t麵 .T h e r e are 
evidence showed that Na+ free water exert no effect on the Jamm in skates {Raja erinacea) 
and hagfish (Evans et a l , 1979; Evans, 1982). It is important to note that the Na+-free 
effect only likely to apply to marine fishes, which have much higher paracellular cation 
(including NH4+) conductance than their freshwater counterparts (Evans, 1977; Potts, 
1994). Passive diffusion of NH3 may still be the predominant way for ammonia excretion 
in freshwater fish. 
4.4.4 Changes in net urea-N excretion rates in response to elevated body urea levels 
Wood et al. (1998) reported that injection of urea into the gulf toadfish did not 
immediately induce urea excretion. In contrast to the toadfish, after a chronic urea 
injection, in Sparus sarba was markely increased by 2 folds in both seawater- and 
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6%0-adapted fish. of toadfish exhibits a pulsatile manner (Wood et al., 1995 & 
1997b) and the pulse is apparently not cued by a threshold plasma urea concentration but 
by some other mechanism. The existence of pulsatile urea excretion is unknown in S. 
sarba, but the results obtained in current work suggested that urea excretion rates 
correlates with the body urea levels. 
After chronic urea injection, seabreams living in 33%o environment exhibited a 
significantly higher J"'^ urea (164 nmol/ kg/ h) over those living in 6%o (95 i^mol/ kg/ h). 
The serum urea levels of 33%o and 6%o-adapted seabream do not significantly differ, the 
results here suggested that seawater-adapted seabream may be capable to excrete urea 
more efficiently. 
4.5 Conclusion 
Based on the available data, it can be concluded that significant modification on 
nitrogen excretion was only observed in fish acutely exposed to low salinity. Amiloride-
sensitive ammonia and urea excretion in 6%o-adapted seabream evident the existence of a 
Na+/H+(NH4+) and carrier-mediated urea transport respectively. Admistration of N H / 
induces ammonia excretion but the induction appears to be independent of the ambient 
salinity. Similarly, administration of urea stimulated urea excretion but 33%o-adapted 





Sparus sarba is aN inshore marine teleost, but the natural history of the species 
revealed that it may migrate to estuaries, as in other members of Sparidae (Tort et al., 
1994). In Hong Kong, heavy rainfall during summer times dilutes the surface seawater of 
fish culturing site, which may subsequently result in reductions in salinity of the surface 
seawater. One objective of the present experiment is to investigate the salinity tolerance 
of the marine teleost, Sparus sarba. 
Kelly et a l (1999) reported the successful adaptation of black seabream {Mylio 
macrocephalus) to freshwater. To the best of my knowledge, the present study is the first 
attempt to adapt the silver seabream to freshwater. Indeed, the silver seabream exhibit a 
high degree of euryhalinity since abrupt exposure to 6%o did not result in mortality and 
were able to survive for at least further 4 weeks in the 6%o regimes. Furthermore, minor 
perturbations in circulating electrolytes, muscle moistures during diminishing of ambient 
salinity shows that the fish is an effective osmoregulator, which is comparable or exceeds 
many euryhaline species. 
Most literature concerning nitrogen metabolism and excretion so far reported 
mainly dealt with Atypical teleost species. Limited data are available on pelagic marine 
teleosts and recise investigation on the effect of environmental salinity on nitrogen 
metabolism is almost non-existent. The present study attempts to profile the different 
synthetic pathways in liver of Sparus sarba. The results suggest that the liver of silver 
seabream may contain a full set of OUC enzymes with high levels of arginase activity 
and an active uricolytic pathway. The OUC enzymes, except for argainase, are not 
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governed by the ambient salinity. Elevated urea production via argininolysis and 
uricolysis is happened to 50%o-adapted fish. To elucidate whether the elevated urea level 
and ureagenic capacity in 50%o-adapted fish are a stress-related response and/or an 
osmoregulatory response would require further experimental works. 
Despite the contradictory information on the effect of salinity on nitrogen 
excretion (Sayer & Davenport, 1987; Gordon et al., 1969), the effect of environmental 
salinity on nitrogen excretion appears to be transient. There is a transient increase in both 
urea and ammonia excretion of sarba after abrupt exposure to 6%o, but if given enough 
time to acclimate, the excretion rates return to similar levels in seawater-adapted 
seabreams. Addition of amiloride to ambient waters results in inhibition in Jamm in 6%o-
adapted silver seabream but exerts no effect in 33%o-adapted fish. Detail discussion on 
this finding has been presented in the previous chapter, and it is suggested that the 
ammonia excretion may take place solely through passive diffusion of NH3. 
The present study has laid a solid foundation and established guidelines for further 
studies on this topic. Suggestions for future directions on the topic are listed as follows: 
1. The current conclusions on the ornithine urea-cycle of teleosts were primarily based 
on a few species, the life histories and habitats of which are unusual (tilapia in highly 
alkaline lake; amphibious or air-breathing fish). More work on the topic should be 
done in other teleost species. 
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2. Low levels of all ornithine urea-cycle enzyme activities in liver of Sparus sarba 
suggest teleosts retain all the genes for expression of the OUC. Manipulation of 
endogenous (Cortisol) and exogenous (ambient ammonia levels and ambient pH) 
environments may help understanding the regulation and functions of the OUC in this 
fish. 
3. Serum urea levels exhibit a positive relationship with the ambient salinity. 
Furthermore, argininolysis and at least part of the uricolytic pathway are significantly 
activated in the liver of S. sarba adapted to 50%o regime. The adaptive role of these 
results for osmoregulation is noteworthy for further investigation. 
4. Extrahepatic contribution to the overall urea production had not been investigated. 
There are growing evidences for the significance of kidneys, muscles in urea 
production, probably helping to explain the urea present in teleosts. 
5. Subcellular fractionating techniques and molecular studies will be the prevailing tools 
for analysis for the levels of each OUC enzymes, in particular to the identification for 
the different CPSase isozymes. 
6. Upon salinity adaptation, urea and ammonia excretion rates are increased. The 
preliminary data in the present experiment cannot fully explain the role and 
mechanisms of the initial increase in nitrogen excretion. Divided-chamber or study of 
urea permeance and clearance rate may be able to provide a clear picture on the issue. 
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